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(57) The invention relates to a composite board useful 1n civil engineering construction and general industry. The board
1s designed to preserve wood resources, to have improved holding strength for wood screws and mechanical properties
of lightness, strength, rigidity and lifespan superior to prior art particle boards. The composite board comprises
reinforcing plates that comprise fiber-reinforced thermoplastic resin joined with a wood board that comprises primarily
wooden fragments or a thin board. Long continuous fibers are arranged 1n a single direction within the fiber-reinforced
thermoplastic resin. The ratio by weight of the long continuous fibers 1s between 40% and 80%.
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ABSTRACT

The invention relates to a composite board useful in
civil engineering construction and general industry. The
board 1s designed to preserve wood resources, to have
improved holding strength for wood screws and mechanical
properties of lightness, strength, rigidity and lifespan
superior to prior art particle boards. The composite
board comprises reinforcing plates that comprise fiber-
reinforced thermoplastic resin joined with a wood board
that comprises primarily wooden fragments or a thin
board. Long continuous fibers are arranged in a single
direction within the fiber-reinforced thermoplastic

resin. The ratio by weight of the long continuous fibers
is between 40% and 80%.
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HIGH=-STRENGTH COMPOSITE BOARD

The present 1invention relartes to wood material, and
more speclifically relates to composite becards reinforced
5 with fiber-reinforced resin, especially high~strength
composite Dpboard used in civil engineering construction
and general industry.
Wood boards made from wood material include plywood
board, particle board and fiber board, and are widely
10 used in c<¢ivil engineering construction work and general
industry.
Plywood boards can be made by taking thick lumber of
tropical tTree and slicing it intd thin slices with a
veneer lathe. A plurality o¢of these slices are tThen
15 stacked and glues together s8¢0 that their fibers are
arranged perpendicular to one another. Another method
for makaing the board is to mix saw dust into glae and
have it harden into the shape of a2 board. Thin slices,
as described above, are then glued onto the front and
20 back of this. Composite boards of these types are used
in large gquantities 1in c¢ivil engineering constructions
and the like. However, manufacture of these boards
requires a lot of large trees. It takes many vears for a
tree TO Qgrow tO an adequate size, even 1in tTropical
2§ regions, and cutting down these tTrees without adequate
preparation c¢an destroy a forest. With the recent
cencern for global warming and desertification, it has
become necessary to reduce wood consumption and preserxrve
forests.
30 Boards made of aluminum and thermoplastic resin have

been pro-
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posed In response to this situation, but these are heavy and are diffi—
cult to process at construction sites. Furthermore, it is difficult to
recycle these when they have become industrial waste, so there are prob-—

lems in disposal as well.

There are also composition boards beside plywood boards. These
include particle boards, fiber boards, wood cement boards, and boards
made from wood chips mixed with paper pulp, fiber, and particles of
waste material.

In particle boards, wood from miscellaneous small trees, scraps
from construction work, waste material, and defective wood are pro-—
cessed into chips. A synthetic resin bonding agent is added and a
board is formed using hot compression molding .

In fiber boards, a synthetic resin bonding agent is mixed into |
plant fibers and hot compression molding is performed. Because there is
a uniform distribution of wood fibers, there is no directionality in
strength or expansion and compression rates. This gives it the advan—
tage of not splitting or warping during use.

In wood cemelnlt boards, wood chips, wood scraps and wood wool are
processed in a calcium chloride solvent, and then mixed with cement.
This is then placed in a mold and compression molding is performed.
This allows the material to be formed in thick boards, hollow blocks
and the like, and also has the advantages of being a good sound insula-—
tor, heat insulator and fire insulator.

Thus, the raw materials for the composition boards described
above come from material that would generally have been burned or dis—
posed of as_waste, such as miscellaneous small trees, wood scraps,
waste wood, and defective wood. These materials are broken into fine

pieces and used as fibers or flakes. Waste product from plants of vari—
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ous kinds as well as everyday waste products are also used as raw
material. Thus, in composition boards the natural resource of wood is
used efficiently, and different kinds of waste products are also recy-—
cled into a useful product. Therefore it ‘is expected that composition

boards will continue to have increasingly wide usage.

However, while the composition boards described above can be
widely used in furniture and structural material in construction, its

lack of strength compared to regular composite boards makes it unsuit—
able for uses such as concrete panels, where an especially high degree
of strength is necessary.

Furthermore, particle boards have inadequate resistance to peel—
ing between particles. In order to use these in furniture, it is neces—
sary for the material to have a specific gravity of at least 0.65 so
that it can maintain adequate strength at the joins. This creates a
limitation in production costs and compactness.

Composition board also has weal supporting strengths for regular
wood screws, nailszind tapping screws, thus requiring special screws
and metal fasteners.

Composition board can also expand, deform and lose its shape sig—
nificantly due to humidity or moisture. This makes it inappropriate
for allocations that expose it to water.

Also, the production of wood boards involves the use of melamine—
urea copolymer resin bonding agents. Formalin, which is one of the in—
gredients, remains as a residue from the production process and can be
released into the air over a long period. This has been cited as a
health hazard.

On method that has been proposed to overcome these drawbacks is

to glue reinforcing material consisting of glass fiber mats or glass
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fiber sheets that have been saturated with a
thermosetting resin.

However, because this kind of reinforcing material
uses a resin that 1s thermosetting, an attempt to
increase strength by increasing the fiber content will
result 1n a deteriorated resin saturation. Furthermore,
1t 1s difficult to make the material thin. These factors
put limitations on strength and lightness. Additionally,
1t 1s necessary to apply pressure and heat for a 1long
period of time 1n order to attach the material to wood
boards. This makes production difficult and also leads
to alterations 1n the wood boards from the heat and
pressure.

As long as thermosetting resins are used, there is
the difficulty involved 1in preventing the warping that
accompanies the compression that occurs during hardening.

The 1nvention 1s directed to overcoming the
drawbacks of the prior art described above.

The present 1invention 1s further directed towards
the provisions a high-strength composite board that is
pbased 1n a wood board that saves precious lumber
resources, that prevents water absorption from decreasing
expansion, that improves the holding strength of wood
screws, and that has mechanical properties that are
superior to prior art particle boards such a lightness,
strength, rigilidity, and lifespan. The present invention
also has a lower emission of formalin, thus making it

safer.

In accordance with one aspect of the present
invention, there 1s provided a high-strength composite
poard comprising a reinforcing ©plate comprising a
plurality of layers of glass fiberreinforced

thermoplastic resin joined to a wood board wherein 1long

continues fibers are arranged 1in a single direction

.... deale fn qppdory gopps oy o, ¢
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within each layer of said (glass fiber-reinforced
thermoplastic resin, different layers having different
fiber alignments, and the thermal expansion coefficient
of each layer, 1in the direction of the fibers 1in that

layer being 107°/°C or lower; and the ratio by weight of

sald long continuous fibers 1s between 40 percent and 80
percent of the fiber-reinforced resin, the thermoplastic
resin contalned 1n said reinforcing plate i1s saturated to

a depth of between 0. 1 mm and 1 mm 1into a surface of

said wood board to which said reinforcing plate 1is
attached, and the wood board 1s a particle board, a fiber
board, wood cement board, or a composite board containing
wooden scraps and fiber on which 1s applied a bonding
agent.

In the present 1invention, therefore, a reinforcing
plate 1s glued to one or both sides of a wood board as
described above. The reinforcing plate comprises either

a single prepef sheet or a plurality of prepeg sheets

stacked so that the fiber alignment 1s different for each

sheet.
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The prepreg sheets are made by aligning continuous long fibers in a
single direction on a plane. This is saturated with a thermoplastic re—
sin so that it is 40 percent or greater and 80 percent or less of the
weight content of the fiber.

The wood board can be particle board, fiber board, composite
board, wood cement board or boards made from mixing, pressurizing and
molding wood scraps and wood fiber combined with a bonding agent and
small particles from various waste products.

In one preferred embodiment, the surface of the wood board in
which the reinforcing plate will be glued is saturated to a depth of
0.1-1 mm with the same thermoplastic resin that is saturated in the re—
inforcing plate. The reinforcing plate is then glued to the resin—sat—
urated layer. Also, it would be desirable to mix in short fibers with
the resin—saturated layer.

In another preferred embodiment, the reinforcing plate is made by
stacking a plurality of prepreg so that the fibers are oriented in dif—
ferent directions. It would be desirable to have between two and four
layers of prepreg.

It would also be desirable for the prepreg that make up the rein—
forcing plate to have an thermal expansion coefficient in the direection
of the fiber of 10 °/°C or lower. '

It would also be possible to stack a thermoplastic resin plate,
made from the same resin used in the reinforcing plate, on the surface
or an inner layer of the reinforcing plate.

It would also be desirable to cover not only the side surfaces
but also the ends of the wood board with reinforcing plates.

Furthermore, in another embodiment, a layer comprising an em-—

bossed surface sheet, a decorative material or the like in attached to
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the surface, and then a protective resin film 1s attached
on top of that.

It would be desirable to use a polyolefin resin or a
polystyrene resin as the resin 1n the reinforcing plate.
The continuous long fibers mixed 1into the reinforcing
plate can be any generally know fiber, but 1t would be
particularly desirable to use glass fibers and carbon
fibers.

The above, and other features and advantages of the
present invention will  become apparent from the
description read 1n conjunction with the accompanying
drawings, 1n which like reference numerals designate the
same elements. In the drawilngs:

Fig. 1 1s a perspective drawlng showing an

embodiment of the high-strength composite board of the
present invention;

Fig. 2 1s a perspective drawing showing the high-

strength composite board of Fig. 1 formed with a bend;
Fig. 3 1s a perspective drawing showing a different
embodiment of the present invention;

Fig. 4 1s a cross-section drawing showing a high-
strength composite board having a surface material on its
surfaces;

Fig. 5 1s an enlarged cross-section drawing of a
wood board having a resin-saturated layer, wherein the
same thermoplastic resin used 1n the reinforcing plate 1is

grve

saturated on a surface of the wood board;

Fig. 6 1s an enlarged cross-section drawings of the
wood board shown 1n Fig. 5 wherein short fibers are mixed
into the resin saturated layer;

Fig. 7 1s a drawing for the purpose of describing a
device for making the high-strength composite board of
the present invention; and

Fig. 8 1s a drawing for the purpose of describing a
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device for making testing the strength of the high-
strength composite board of the present invention.

In these drawings, the thickness 1is exaggerated
relative to the surface dimensions 1in order to indicate
the details of the cross-section configuration.

Referring to Fig. 1, there 1s shown a flat high-
strength composite board 1A appropriliate for use 1in
concrete frames and the like. Reinforcing plates 12, 13
and attached 1integrally to the front and back sides of
wood board 11 through thermal adhesion. A resin-
saturated layer on the surface of wood board 11 is formed
by saturating the thermoplastic resin used 1n reinforcing
plates 12, 13.

Reinforcing plates 12, 13 comprise a stack of prepeg
sheets. The prepreg sheets are made by arranging long
continuous fibers in one direction and mixing
thermoplastic resin so that the weight ratio to the
fibers 1s between 40 percent and 80 percent. It would be
desirable to have between two and four sheets stacked so
that the orientation of the fibers are different.

Heat applied 1n order to attach wood board 11 and
reinforcing plates 12, 13. The minimum temperature for
this 1s the melting polint of the thermoplastic resin
saturated in the reinforcing plates. While the resin is
molten the plates are put on wood board 11. The pieces
are joined by cooling at a pressure of 3 kg/cm‘ or less
using a press.

During this procedure, the molten thermoplastic

resin penetrates
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through the surface into the spaces between wood particles or the like,
and surrounds the wood particles. This forms a resin—-saturated layer |
15. When the resin cools off and becomes solid, wood board 11 and rein—
forcing plates 12, 13 form a firm bond via resin—saturated layer 15.

Referring to Fig. 5, there is shown details of the resin—satu—
rated layer. Referring to the drawing, there is shown large particles
11-1, which make up the core section of wood board 11. Smaller parti—
cles 11-2 are present at the surface layer. Reinforcing plate 12 com—
prises a prepreg 12—1 and a prepreg 12—2, which are stacked so that
their fiber orientations are perpendicular to each other. Thermoplas—
tic resin 16 is resin that has penetrated into wood board 11 from rein—
forcing plate 12.

In this way, thermoplastic resin fills up the spaces between the
fibers distributed in reinforcing plate 12, and at the same time, fills
up the spaces between the particles that make up wood board 11, thus
making them integral. This results in a strong bond between wood board
11 and reinforcing plate 12, 13.

It would be desirable for the thickness of resin--saturated layer
15, i.e. the saturation depth of the resin, to be between 0.1 mm and 1
mm. In cases when resin—saturated layer 15 is not adequately formed or
when the saturaticn depth is 0.1 mm or less, the bonding strength de—
creases significantly. On the other hand, it is difficult to have a
depth greater than 1 mm, and a resin—saturated layer that is so thick
would not increases bonding strength anyway.

Referring to Fig. 6, a plurality of short fibers 17 is dis—
tributed at the surface of wood board 11. This results in an even

greater bonding strength because short fibers 17 become entangled with

the glass fibers in reinforcing plate 12.
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Before bonding reinforcing plate 12, it would be desirable to
preheat wood board 11 to a temperature high enough to allow the thermo-— |
plastic resin to flow. This is so that the flowing resin can effectiv—
ely fill the spaces in wood board 11, thus providing an adequate thick—
ness for resin—saturated layer 15.

It would also be possible to cover the surface of wood board 11
or reinforcing plate‘1.2 beforehand with a resin film made from the same
resin used in reinforcing plate 12. When wood board 11 and reinforcing
plate 12 are joined, the resin in the resin film melt and penetrates
into the surface of wood board 11 well. This increases the thickness of
resin—saturated layer 15 as well as the resin content, thus guaran-—
teeing a reliable bond.

In this way, the formation of a resin—saturated layer 15 on the
surface of wood board 11 allows a strong bond between the surfaces of
wood board :11 and reinforcing plate 12 without requiring the use of a
bonding agent. In addition, the exposed area of the wood is decreas.ed,
thus reducing formalin dissipation.

Referring to Fig. 2, there is shown an embodiment of the high—
strength composite board of the present invention, in which there is a
bent board 1b having an arcuate cross—section. In this embodiment, re—
inforcing plates 12, 13 are bonded to wood board 11, which has been
bent. This embodiment is appropriate for curved concrete panels and the
like.

When the vertical and horizontal dimensions of wood board 11 and
reinforcing plate 12, 13 are identical, it is possible for reinforcing
plates 12, 13 to be peeled off at the corners.

Referring to Fig. 8 in order to prevent this problem, it would be

desirable to use a reinforcing plate 12 having vertical and horizontal
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dimensions that are somewhat smaller than those of wood board 11. In a
high—strength composite board 1c configured in this manner, reinforcing
plate 12 does not peel off from the corner of wood board 11, thus al-
lowing easier handling.

Another way to prevent reinforcing plate 12 from being peeled off
from the edges of wood board 11 would be to have reinforcing plate 12
be larger than wood board 11. The ends of reinforcing plate 12 would
be bent over to cover wood board 11. With this configuration, the ends
of wood board 11 Would be covered by reinforcing plate 12, thus in—
creasing the overall strength of the composite board as well as i’n—
creasing the local strength at the corners. This prevents reinforcing

plate 12 from being peeled off.

Referring to Flg. 4, there is shown a composite board 10. Rein—
forcing plates 12 and 13 are bonded to the front and back of wood board
11. A surface material 14 is attached to the surface of front rein-—
forcing plate 12.

When:the board is to be used in concrete frames, surface material
14 improves the mold release characteristics relative to the concrete.
It is possible to use a surface material that is smooth when the con-—
crete is to be smooth or polished. It is also possible to use an em-—
bossed material in order to provide designs on the front of a building,
thus iIncreasing its aesthetic gqualities.

In the latter case, surface material 14 can be used to transfer
various designs and patterns on to concrete, such as wood grain,
marble, brushstrokes, line art, and the like.

For high—strength composite boards used in interior walls and
partitions, surface material 14 can be paper prints of wood grain, thin

wooden plates, and the like. For exterior use, a weather—resistant ma-—
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terial would be used, such as a resin membrane or a metal foil.

Because the thin thermoplastic resin layer formed on the rein—
forcing plate is not especially attractive, it is possible to apply a
bonding agent to this surface and attach a decorative surface material
to the surface. However, the bonding agent may not be able to form an
e-:ffective bond, preventing an adequate bonding strength. In such a
case, obtaining an adequate bonding strength may require processing of
the reinforcing plate surface by sanding, corona discharge treatment,
chemical etching and the like. These types of processing considerably
increases production costs.

In order to overcome this problem, it is possible to attach a
porous sheet, such as thick paper or non—woven cloth, onto the rein-—
forcing plate beforehand. Because the bonding agent can penetrate ef—
fectively into this porous sheet, some of the thermoplastic resin in the
reinforcing plate penetrate into the porous sheet when the decorative
surface material is attached to the reinforcing plate. This results in
a resin—saturated layer, similar to the one described previously, which
provides a strong bond between the reinforcing. plate and the decorative
material.

In this case as well, it would be desirable to cover the ends of
the composite board with surface material 14 in order to prevent surface
material 14 from peeling off at the ends.

The following is a description of the materials used in each of
the parts of the invention.

T'he thermoplastic resin used in the reinforcing plate is not par-—
ticularly specified. For example, the following can be used: poly—
styrene, polyvinyl chloride, straight—chain low—density polyethylene,

low—density polyeth.ylene, high—density polyethylene, polypropylene,
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polycarbonate, polybutylene terephthalate, polyethylene

terephthalate, polyether sulfone, polysulfone, polythyl
imide (trade name: ULTEM™), polyether ether Kketone,
polyphenylene sulfide, and the like. However, 1n terms

of strength, were-resistance, price, and recyclability

after disposal, the optimal resin would be the generally
used polyolefin resins and the polystyrene resins such as
polyethylene and polypropylene.

Examples of continuous 1long filbers that can be
distributed in the reinforcing plate 1include; synthetic
resin fibers such as alamide fibers (reglstered trademark
“Keplar”); natural organic fibers; metallic fibers such
as titanium, boron, stainless steel; and inorganic fibers
such as glass, carbon, silicon carbide. However, the
present invention 1is not restricted to these examples,
and other fibers can be used as 1long as they have
adequate strength and can be obtalned cheaply and 1in
abundance.

The long continuous fibers are mixed at a ratio of

40-80 percent by weight. It would be especially
desirable to have a ratio of 45-70 percent by weight. If
the ration 1is less than 40 percent, the molding of the
reinforcing plate Dbecome difficult Dbecause of the
increased fluidity of the resin at high temperatures. 1In
addition, it becomes difficult to obtain the rigidity and
wear resistance required for a board. Also if the ratio
goes beyond 80 percent, the adhesive propertles decrease
and shaping becomes difficult.

The continuous long fibers in the reinforcing plate
are arranged 1in a single direction and 1in a direction
that would generally receive bending stress during use.

It would also be possible to have a stack of layers

of these fibers comprising; a layer 1n which the fibers

are oriliented 1n a direc=
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tion that would receive bending stress during use: and a layer in which
the fibers are oriented perpendicular to this direction.

The prepreg layers used in the reinforcing plate can be made ac—
cording to the method disclosed in Japanese Laid—open Patent Publication
No. 2—42168.

In this method, monofilament glass fibers used for strengthening,
are processed with a coupling agent, such as r —methacryloxpropyl tfi—-
methoxy silane. A bundle of a plurality of yarns is pulled with a
fixed tension and brought into contact with molten thermoplastic resin.
Resin is penetrated inside the yarn while being put through a heated
roller. .

It would be desirable to stack two or more layers of prepreg.
However, when a reinforcing plate is attached to only one side of a wood
board and the reinforcing plate is too thick, it is possible for the
the composite board to warp.

Therefore, a single prepreg layer should be between 50 and 600
micrometers, and also, it would be desirable to keep the total thickness
at 1 mm or less even when between 2 and 4 layers are stacked together.

The composite board can also warp, when the reinforcing plate has
large coefficient of thermal expansion. Therefore it would be desir—
able to keép the coefficient of thermal expansion at 10 %/ °C or
less.

Examples of material that can be used for the surface material
include; foam or non—foam sheets such as polypropylene, polystyrene
sheets; thermoplastic resin products such as PVC, PZT sheets; metal
foil; paper; woven and non—woven cloths made from various fibers. When
resin is to be used as the surface material, it would be desirable to

use the same type of resin as is used in the reinforcing plate.
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The following is a description of the procedure used in bonding
the wood board and the reinforcing plate.

In general, the procedure involves heating the reinforcing plates
comprising continuous long fibers and thermoplastic resin to a temper—
ature at or above the melting point of‘ the thermoplastic resin. They
are then placed on the front and back sides of the wood board. Pressure
is applied through a press roller, and the board is shaped. A surface
material is bonded to the surface, if necessary.

Another method provides a more reliable bond using thermal
bonding. Both the reinforcing plate and the wood board is heated to a
temperature around the melting point of the resin in the reinforcing
plate. Then the reinforcing plate and the wood board and put together.
A press that is heated between room temperature and 80 °C is used to
apply pressure between 0.1 kg/em? and 3 kg/em?.

It is neceszary to eliminate any air that is present between the
prepreg layers in—the reinforcing plate, but if bonding is done under
the above conditions, air is usually eliminated naturally. Also, the
wood board will not be damaged if the pressure is within the range de—
scribed above. Also, of course, there is no problem with using a rein-—
forcing plate that has had air eliminated beforehand and that has been
cooled.

It is possible to heat the reinforcing plate and the wood board
separately without having them be in contact with each other. It is
also possible to have the reinforcing plate placed above the wood board
so that they are heated simultaneously.

Referring to Fog. 6, it would be desirable to distribute short
fibers on the surface layer of the wood board in order to obtain good

bonding strength. It would also be effective, however, to form a ther—
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moplastic resin layer containing short fibers between the wood board and
the reinforcing plate, thus having the short fibers connecting the two .
during bonding.

The short fibers used here a length of between 0.1 mm and 100 mm.

If the length is less than 0.1 mm, linkage becomes impossible.
Increasing the length past 100 mm does not result in improved linkage.
The desirable lenkgth'for the short fibers is between 0.5 mm and 20 mm.

The short fibers can be, for example, polyolefin resin fibers,
polyester resin fibers, glass fibers, non—woven cloth and the like.

A thermoplastic resin layer containing these layers is formed so
that it uniformly covers the surface of the wood board. It would also
be possible to cover the surface of the wood board with chopped thermo—
plastic resin containing glass fibers.

When the thermoplastic resin is heated to the melting point or
above, it generally melts into a fluid state. However,. in composite ma—
terial containing 40 percent by weight or more of fibers, the resin is
prevented from flowing freely within the fiber lattice. When pressure
is applied for shaping, the overall shape is kept uniform as a result
of the fiber structure, even if the fiber structure is changed. Thus,
resin is prevented from leaking out and a high quality, precise shape is
obtained.

The reinforcing plate and the wood board must be made integral
while the thermoplastic resin in the reinforcing plate is in a molten
state. It is therefore necessary to have a device that can go from the
heating step to the cooling and integration step in a short period of
time.

Referring to Fig. 7, there is shown as example of such a device

for making high—strength composite boards.
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The device comprises: a hot press 20 for preheating the wood
board; a hot press 30 for preheating the reinforcing plate: and a
Joining press 40 for cooling and bonding.

Wood board 11, produced by a press for making wood boards (not
shown in the drawings), is heated by wood board preheating hot press 20
so that at least its surface has a temperature around the melting point
of the thermoplastic resin used in reinforcing plates 12, 13.
Similarly, reinforcing plates 12, 13, produced by a press for making
reinforcing plates(not shown in the drawings), is heated by reinforcing
plate preheating hot press 30 to a temperature at or higher than fhe
melting point of the thermoplastic resin used in its production. Rein—
forcing plates 12 and 13 are protected on both sides by removable
sheets 22.

Removable sheet 22 on the upper surface of reinforcing plate 12
is removed by a device not shown in the drawings. Then the plate is
placed on the die of Joining press 40 by a conveyor device not shown in
the drawings.

T'hen, wood board 11 is placed on the plate by a conveyor device
not shown in the drawings. A different conveyor device not shown in
the drawings carries reinforcing plate 13 to joining press 40. While it
i1s being carried, removable sheet 22 ‘on the lower surface of the plate
1s removed, and then the plate is placed on wood board 11.

THe punch of the joining press descends and applied pressure on
reinforcing plates 12 and 13 as w_ell as wood board 11 between them.
The die and the punch of the joining press contain fluid channels 41 for
the circulation of coolants. The die and punch are kept consistently
at a temperature considerably lower than the melting point of the ther—

moplastic resin. This cools reinforcing plates 12 and 13 and wood
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board 11 between them. The thermoplastic resin and the high—strength

composite board is completed.

The following is a description of the results from comparative _
rests performed in order to study the characteristics of the high-—
strength composite of the present invention. In the comparative tests
below different combinations of wood boards and reinforcing plates were
used. As described below, 35 test samples for the embodiments and 14
test samples for comparative examples were produced, and their physical
properties, mechanical strengths, and the like were measured.

An outline of the tests is as follows.

The prepreg layers used in these test sample were all made ac—
cording to the method disclosed in Japanese LLaid—open Patent Publication
No. 2—42168 described above.

If glass fiber is to be used, the fibers are monofilaments 13 mi—
crometers thick and are processed with 7 —methacyloxypropyltrimethoxy
silane. 1,800 fibers are bundled into yarn having no twists. The yarn
is pulled with a fixed tension and aligned in a single direction. The
prepreg layer is formed by having resin penetrate into yarn using a
heated roller rubbing resin in.

When carbon fiber is used, the fibers are monofilaments 7 micro—
meters thick. A tow is formed from 12,000 fibers without using a
bundling agent. A fixed tension is used to pull the tow and align them
in a single direction. The prepreg layer is formed by having resin
penetrate into the yarn using a heated roller rubbing resin in.
Prepreg made in this way provide good adhesion between the thermoplastic
resin and the fiber. The fiber content can be varied between 40

percent and 80 percent by weight as necessary, and the thickness can be

between 0.01 mm and 1 mm. The reinforcing plates can be formed from a



2144207

single prepreg layer, or then can be formed by stacking two prepreg
layers so that the fiber orientations are perpendicular to each other.

Referring to Table 1, there is shown the configuration of prepreg
sheets made for the embodiments of the present invention and the com-—
parative embodimenfs. Prepregs A—E have fiber content of between 40
percent and 80 percent by weight, and relate to the present invention.
Prepreg F and prepreg G are outside this range and are used in t‘he tests

as comparative embodiments.

TABLE 1 CONFIGURATION OF PREPREGS

Fiber Thicknesé Weight

Symbol | Fiber Resin Content per unit area
(wt %) (mm) (kg/m?)

A Glass Polypropylene 5() 0.20 0.3

B Glass .- Polypropylene 53 0.20 0.3

C Glass Polypropylene 85 0.20 0.3

D Carbon _ Polystyrene 60 ' 0.20 0.3

E Glass d Polyethylene 20 0.20 0.3

F (lass “:.PolyprOpylene 28 0.20 0.3

G Glass Polypropylene 90 0.20 | 0.3

The tests used particle board, fiber board and plywood as the
wood boards. Referring to Table 2, there is shown descriptions of the
wood boards used.

Each of tte wood boards were cut into 500 mm square prepregs
having a length of 500 mm and width 500 mm were cut out in pairs. The
reinforcing plates were formed by bonding together two prepregs in a

pair so that their fiber orientations were perpendicular.
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TABLE 2 CONFIGURATION OF WOOD BOARDS

| Specific Thickness

Symbol Configuration Gravity (mm)

PN Triple—layered particle board - 12

PO I'riple—layered particle board — 8

FN | Medium—fiber board 0.6 12

O Medium—fiber board 0.5 | 9

FP Soft—fiber board 0.3 12

(N Laﬁah plywood 12

GO Lauém plywood 9

GP Lauan plywood 9.5

Referring to Fig. 7, there is shown a device for making high-
strength composite' boards. The die and the punch of hot press 20, hot
press 30 and joining press 40 are heated to 100C , 200 C and 70 °C
lespectively.

Pressure is applied from hot press 20 at 3 kg/em? for two
minutes.

At hot press 30, the reinforcing plates are covered on both sides
with a peeling film 22. A pressure of 0.1 kg/em? is while the plates
are preheated for two minutes. .

Pressure is applied from joining press 40 for one minute at 1
kg/cem?.

The structure and materials of the teSt sample used are as shown
in table 3.

Excluding the following conditions and those shown in the table,

all the embodiments were made in the same manner as embodiment 1.



Embodi| Wood Reinforcement Resin—satu—
—ment board Prepreg rated Layer | Notes

No symbol Place (mm)

1 PN A+ 2 layers Both sides 0.4

2 PN B+ 2 layers Both sides 0.2

3 PN C 2 layers Both sides 0.1

4 PN D+ 2 layers Both sides 0.2

5 PN E+ 2 layers Both sides 0.3

6 PO A+ 2 layers Both sides 0.4

7 PO A— 1 layer Both sides 0.2

8 PO A— 1 layer One side 0.2

9 PO A+ 2 layers Both sides 0.4 W
10 PO A+ 2 layers Both sides 1 *
11 PO A+ 2 layers Both sides 0.4 v
12 FN A+ 2 layers| Both sides 0.4

13 EN B+ 2 layers Both sides 0.2

14 N C+ 2 layers Both sides 0.1

15 EN D+ 2 layers Both sides 0.2

16 EN E+ 2 layers Both sides 0.3

17 FO A+ 2 layers Both sides 0.4

18 FP A+ 2 layers Both sides 0.4

19 O A- 1 layer Both sides 0.2

20 FO A— 1 layer One side 0.2

21 FN A+ 2 layers Both sides 0.4 yAe
22 N A+ 2 layers Both sides 0.8 *
23 EN A— 2 layers Both sides 0.2 A
24 (N A+ 2 layers Both sides 0.4

25 GN B+ 2 layers Both sides 0.2

26 N C+ 2 layers Both sides 0.1

27 GN D+ 2 layers Both sides 0.2

28 (N E+ 2 lavers Both sides 0.3

29 O A+ 2 layers Both sides 0.4

30 GP A+ 2 layers Both sides 0.4

31 0O A— 1 layer Both sides 0.2

32 GN A— 1 laver One side 0.2

33 (N A+ 2 layers Both sides 0.4

34 GN A+ 2 layers Both sides 0.8

39 GP A+ 2 layers Both sides 0.4

A “+ ” symbol in the prepreg column indicates that two layers of
brepreg having perpendicuiar fiber orientations were used.

In embodiments 9, 21 and 33 (indicated with a white star mark %
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in the notes column), a removable sheet from one of the reinforcing
plates is peeled off during the joining process at the joining press,
and a 0.2 mm thick non—woven cloth made from polyethylene terephthalate
is attached as surface material. And after joining, a bonding agent is
applied to the surface of the non—woven cloth, and a thin walnut plate

0.2 mm thick is attached.

In embodiments 10, 20 and 34 (a black star mark * in the notes
column), during the joining process at the joining press, a non-—
stretching polypropylene resin film 100 micrometers thick is interposed
between the reinforcing plates and the front and back sides of the wood

board.

In embodiment 11 (an upside—down triangle mark V in the notes
column), during the joining process at the joining press, a non—woven
cloth 0.5 mm thick made from glass fiber 17 micrometers thick is inter—
posed between the reinforcing plates and the front and back sides of the
wood board.

In embodiment 23 (a triangle mark A in the notes column),
during the joining process at the joining press, a non—woven cloth made
from polyethylene ierephthalate 0.2 mm thick is interposed between the
reinforcing plates and the front and back sides of the wood board.

Referring to Table 4, the test samples shown in the table were
made in order to make comparisons with the above embodiments.

In the foll'owing comparative samples, the ones in which a com-—
posite board was méde by attaching reinforcing plates were made under
the same conditions as embodiments 1, 12 and 24 above, except for the
different fiber contents of the reinforcing plates. These comparative
samples were cut in the same dimensions as the embodiments above, i.e.

o00mm squares, and were tested under the same conditions as the embodi—



Reinforcing | Resin—satu—
Prepreg ration Layer Notes

No. Plate (mm)

1 PN F+ 2 layers Both sides 0.5

2 PN G+ 2 layers Both sides < (.1

3 PN not used board only
4 PO nnot used board only
5 PN. F+ 2 layers Both sides 0.5

6 EN G+ 2 layers Both sides < 0.1

7 FN not used board only
8 FO not used boafd only
9 FP not used board only
10 OGN F+ 2 layers Both sides 0.5

11 GN G:l- 2 layers Both sides < 0.1

12 (N 'not used board only
13 O ‘not used board only
14 GP not used # board only

The tests that were performed were as follows.

strength and bending elasticity.

only.

Water absorption test: JIS A5908.

Test for bending properties: JIS A5908. Measurement of bending
Breaking load: performed only for samples comprising plywood

After 24 hours of immersion in
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tion are measured.

Wood screw holding strength: JIS A5908. Performed on embodiments
1 to 11 and comparative embodiments 1 to 4.
Formalin test: Comparison using embodiments 1, 12 24 and the wood

boards used in these embodiments.

Peeling test: Test to observe if peeling occurs or not at the
bonding surface between the wood board and the reinforcing plate.
Referring to Table 5, there is shown the results from tests of

composite boards in which particle boards were used as the wood boards.

TABKE 5  COMPARISON TEST OF COMPOSITE BOARD USING PARTICLE BOARD

| Bending Test Moist. Absorp.| Wood Weight | Peal
T Water Expansion Screw /unit
E | No| Stren.| Elasti| Absp. Holdg. area | Test
M —city Size Thick. Forth
kg/mm?| kg/mm? % % % kg kg/m?
1 4.3 450 13 0.1 1.1 75 7.8 ©

E 2 5.8 500 15 0.1 1.1 82 7.8 ©
M 3 6.1 520 13 0.1 1.1 90 7.8 ©
B 4 5.9 000 11 0.1 1.1 - 65 7.5 ©
O 5! 4.0 410 12 0.1 1.1 70 7.8 ©
D .
I 6 4.4 450 10 0.1 1.1 95 6.2 ©
M 7 4.3 44() 14 0.1 1.1 65 5.6 ©
E 8 4.4 340 30 0.6 2.1 28 9.3 ©
N 9 4.3 150 11 0.1 1.1 76 6.2 ©
T | 10 5.2 470 12 0.1 1.1 75 8.0 ©

11 6.5 670 12 0.1 1.1 96 8.7 ©
C 1 1.8 300 9 0.05 0.8 67 7.1 ©
O 2 2.1 280 15 0.09 1.1 72 7.1 X
M 3 1.5 290 511, 0.2 7.4 42 6.6
P 4 1.6 290 48 0.18 7.0 35 4.4

A double circle mark © in the peeling test column indicates

that there was no peeling at the thermal adhesion layer, and that there

was internal breakage in the wood board. A cross mark X indicates
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that there was peeling at the thermal adhesion layer.

Referring to the table, when particle boards is used as the wood
board, the high strength composite board of the present invention has a
bending strength three to four times that of particle board. Bending
elasticity is stronger by a factor of 1.5 to 2. When reinforcing plates
are arranged on both sides, water absorption decreases 1/3 to 1/5, ex—
pansion due rto moisture absorption decreases by half, and expansion of
thickness is less than 1/6. Also, wood screw holding strength in—
creases by about a factor of two.

T'he results also show that when the fiber content of the rein—
forcing plate is 40 percent of less (comparative embodiment 1), the in—
crease in strength is not very good. Conversely, if it is 80 percent
(comparative embodiment 2), it leads to bad results in the peeling test.

It should be noted that there was particular improvement in
strength in embodiment 4, which used carbon fibers in the reinforcing
plates, and in embodiment 11, which used non-woven glass cloth between
the reinforcing plates and the wood board.

The tests in which fiber board was used as the wood board were
conducted in the same manner as the above particle board tests except
for the omission of the wood screw holding strength tests.

Referring to Table 6, there is shown the results of the tests for
the composite boards using fiber board.

Referring to the table, it can be seen that when medium—fiber
board is used, the results are similar to those when particle board is
used.

Thus, the high—strength composite board of the present invention

has a bending strength three to four times that of fiber board.

Bending elasticity is stronger by a factor of 1.5 to 2. When rein-—
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forcing plates are arranged on both sides, water absorption decreases

1/3 to 1/5, expansion due to moisture absorption decreases by half, and

expansion of thickness is less than 1/6.

TABLE 6 COMPARISON TEST OF COMPOSITE BOARD USING FIBER BOARD
| Bending Test Moist. Absorp.| Woud Weight | Peal
T Water Expansion Screw | /unit
£ Noj Stren.| Elasti| Absp. Holdg.| area | Test
M —city Size Thick. Forth
kg/mm?| kg/mm? % % % kg kg/m?

12 9.3 480 12 0.1 1.0 7.2 ©
E | 13 12.5 580 14 0.1 0.9 7.2 ©
M | 14 13.2 010 12 0.1 0.9 7.2 ©
B | 15 12.7 630 12 0.1 1.0 6.8 ©
O | 16 8.7 430 11 0.1 1.0 7.2 ©
D
I 17 9.5 480 10 0.1 1.0 2.6 ©
M| 18 0.7 330 13 0.1 1.2 4.8 ©
E | 19 8.7 460 12 0.1 1.0 5.0 ©
N | 20 9.5 370 28 0.3 1.0 4.7 ©
T | 21 9.2 480 11 0.1 1.0 7.2 ©

22 11.2 500 10 0.1 1.0 7.4 ©

23 11.4 520 10 0.1 1.0 7.4 ©
C 5! 4.8 300 10 0.05 0.8 7.2 © -
O 6 6.1 560 15 0.09 1.1 7.2 X
M 7 3.2 290 48 0.5 5.0 6.0
P 8 3.3 280 45 0.45 4.6 4.5
A 9 0.2 200 55 0.41 5.3 3.6

Even with embodiment 18, which uses soft—fiber becards, a compar—

As in the cases where particle board was used, the results show
that when the fiber content of the reinforcing plate is 40 percent or
less(comparative embodiment 9), the increase in strength is not very
good. Conversely if it is 80 percent (comparative embodiment 6), it

leads to bad results in the peeling test.

In these tests it was shown the there was significant improvement
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in strength in embodiment 15, which used carbon fibers in the rein—
forcing plates.

When lauan plywood was used as the wood boards, a breaking load
test was performed instead of a wood screw holding strength test.

Referring to Fig. 8, there is shown a device used in the breaking
load test.

Referring to Fig. 8, there is shown a 500 mm square sample board

o that is the object of the test. There is also shown an indentor 51
for applying a load, and support devices 52, 52, a pair of parallel
fixed cylinders separated by 400 mm and supporting sample board 50.

Sample board 50 is mounted in support devices 52, 52, and re—
ceives a load at its center applied from indentor 51. The load from
indentor 51 is increased until fractures appear on the surface, and this
limiting load is measured.

Referring to Table 7, ther is shown the results of the tests con—
ducted on composite boards lauan plywood.

Plywood has a high bending strength and bending elasticity to
begin with. Therefore the increase in these qualities are not as promi-
nent as in the embodiments using particle board and fiber board de—
scribed above, but there is still a significant improvement by a factor
of 3 to 5 in breakihg load strength.

I'he results show that when the fiber content of the reinforcing

plate is 40 percent or less (comparative embodiment 10), the increase
in strength is not very good. Conversely, if it is 80 percent
(comparative embodiment 11), it leads to bad results in the peeling
test. For this reason, there are also no improvements in bending

strength either.



I Breaking ® Bending Test | Moist. Absorp.| Weight| Peal
T Load Water Expansion /unit
E | No| Strength Stren.| Elasti Absp. area | Test
M —cCity Size Thick.
kg - kg/mm?| kg/mm? % % % kg/m?

24 870 5.1 860 10 0.05 0.8 7.1 ©
E | 25 920 5.4 880 12 0.05 0.8 7.1 ©
M | 26 1100 5.6 900 10 0.05 0.8 7.1 ©
B | 27 1500 6.1 950 11 0.03 0.8 6.8 ©
O | 28 800 5.0 840 10 0.05 0.8 7.1 ©
D i
I | 29 490 7.0 820 9 0.04 0.8 5.7 ©
M | 30 4160 5.0 850 11 0.06 0.9 5.1 ©
E | 31 400 4.4 740 | 26 0.08 1.7 4.8 | ©
N | 32 880 5.1 860 9 0.04 0.8 7.1 ©
T | 33 900 5.3 870 9 0.04 0.8 7.3 ©

34 370 1.0 840 8 0.04 0.8 3.9 ©
C | 10 4100 . 4.3 800 9 0.05 0.8 7.1 ©
O | 11 520 4.8 890 15 0.09 1.1 7.1 X
M 12 260 4.0 780 4() 0.13 3.9 5.9
P | 13 140 6.5 620 38 0.15 4.0 4.5
A | 14 90 6.1 080 | 35 0.16 4.0 2.7

There were significant improvements in breaking load strength and

bending strength in embodiment 27, which used carbon fiber in the rein—

forcing plate.

Referring to Table 8, there is shown the results of

amount of formalin residue in the'high-—

bodiments 1, 12, 24 and the wood boards used in these.

measuring the

strength composite boards of em—

Referring to the table, it can be seen that the composite boards

had approximately half the amount of residue formalin compared the the

wood boards.
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TABLE 8  RESOLTS OF FORMALIN COMPARISON TEST

- Item ‘ Wood board Prepreg Formalin ppm
Embodiment 1 PN A+ 2 layers 3.4 |
Comp. Embodiment 1 PN None 6.5
Embodiment 12 EN A+ 2 layers 2.8
Comp. Embodimc;nt 7 EN None | 6.2
Embodiment 24 (N A+ 2 layers 2.7
Comp. Embodiment 12 (N None 5.3

Having described preferred embodiments of the invention with ref—
erence to the accompanying drawings, it is to be understood that the
invention is not limited to those precise embodiments, and that various
changes and modifications may be effected therein by one skilled in the
art without departing from the scope or spirit of the invention as de—
fined in the appended claims.

Compared to prior art boards, the high—quality and high—strength
wood board of the present invention is lighter, allows easier on—site
handling, requires fewer raw materials, and higher compressive strength.

A stack of prepreg layers, made from fiber—reinforced synthetic resin
having extremely high rigidity and tensile strength, is formed at least
one side of the wood board. Thus, the board has a very high overall
rigidity, and its use can result in an -extremely solid construction.

Also, with the method of the present invention, it is possible to
provide a large quantity of cheap, high—quality and high—strength wood
boards that have superior water and corrosion resistance and that have

minimal changes in dimension due to moisture absorption.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:
1. A high-strength composite board comprising:

a reinforcing plate comprising a plurality of layers of glass fiberreinforced
thermoplastic resin joined to a wood board wherein:

long continues fibers are arranged in a single direction within each layer of
said glass fiber-reinforced thermoplastic resin, different layers having different fiber
alignments, and the thermal expansion coefficient of each layer, in the direction of the
fibers in that layer being 10°/°C or lower; and the ratio by weight of said long
continuous fibers 1s between 40 percent and 80 percent of the fiber-reinforced resin;

the thermoplastic resin contained in said reinforcing plate is saturated to a
depth of between 0. 1| mm and 1 mm into a surface of said wood board to which said
reinforcing plate 1s attached, and

said wood board i1s a particle board, a fiber board, wood cement board, or a
composite board containing wooden scraps and fiber on which is applied a bonding
agent.
2. The high-strength composite board according to claim 1 wherein said resin-
saturated layer on a surface of said wood board contains short fibers.
3. The high-strength composite according to claim 1 or 2 wherein:

said plurality of layers of said reinforcing plate comprises between two and
four layers.
4. The high-strength composite board according to any one of claims 1 to 3
wherein:

at least one reinforcing plate is larger in size than said wood board, and the
ends of said wood board are covered by the surplus area of said reinforcing plate or
plates.
5. The high-strength composite board according to any one of claims 1 to 4
wherein:

at least one of the exterior surfaces has a surface material.

6. The high-strength composite board according to claim 5 wherein:
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said surface material is larger in Bile than said composite board, and the
ends of said composite board are covered by the surplus area of said surface material.
7. A composite board according to any one of claims 1 to 6 wherein:

a protective resin film is attached to at least one of the surfaces.
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