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DECLARATION FOR A PATENT APPLICATION

In support of the ® Convention application made by

®)
KOYO SANGYO CO., LTD.

(hereinafter called “applicant(¢f for a patent © for an
invention entitled @

PREPARATION OF LAMINATED MATERIAL

I/WE€ © Tsugane Tanaka, President of
KOYO SANGYO CO., LTD.

of 9-9, Kajicho 1-chome, Chiyoda-ku, Tokyo, Japan
do solemnly and sincerely declare as follows:
J—TamAWe-are—the—applicant(s).
(or, in the case of an application by a body corporate)
1. I am/Ve-are authorized to make this declaration on behalf of the applicants):

2T We—are—the—actual-inventor(s)—of-the—invention—

(or, where the applicant(s) is/are not the actual inventor(s))
2. O
Shin Shimizu, Tsugane Tanaka, Osamu Ohara
and Taisei Inoue
of Tokyo, Tokyo, Tokyo and Chiba-ken,

respectively, all of Japan (please see over *)
A87are the actual inventor(s) of the invention and the facts upon which the applicant(s)
is/aec entitled to make the application are as follows:

(®
Applicant is the assignee of the invention from the

actual inventors

(Note: Paragraphs 3 and 4 apply only to Convention applications)

3. The basic application(s) for patent or similar protection on which the application is based
is/are identified by country, filing date, and basic applicant¢sy as follows:

)
Japan,

June 11, 1986, and
KOYO SANGYO CO., LTD.

4. The basic application¢s) referred to in paragraph 3 hereof was/wege~the first application¢s)
made in a Convention country. in respect of the invention the subject of the application.

Declared at &) Tokyo
Dated @ May 19, 1987
(m) //.),LL% ME. / luv\a/{&{k/

Tsugane TANAKA, President

To: The Commissioner of Patents of KOYO SANGYO CO., LTD.
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(12) PATENT ABRIDGMENT  (11) bocument No. AU-B-73716/87
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 599660

(54) Title
LIGNOCELLULOSIC LAMINATES

International Patent Classification(s)

(51)* B27N 003/04 B32B 009/02

(21) Application No. : 73716/87 (22) Application Date : 01.06.87
(80) Priority Data

(31) - Number (32) Date (33) . Country

61-135516 11.06.86 JP JAPAN
(43) Publication Date: 17.12.87
(44) Publication Date of Accepted Application : 26.07.90

(71)  Applicani(s)
KOYO SANGYO CO., LTD

(72) Inventor(s)
SHIN SHIMIZU; TSIIGANE TANAKA; OSAMU OHARA; TAISEI INOUE

(74) Attorney or Agent
PHILLIPS,ORMONDE & FITZPATRICK

(56) Prior Art Documents
AU 570289 36764/84 B27L 11/08 B27N 3/08
AU 563123 36763/84 B27N 3/06 B77L 11/08
AU 406182 61461/65 33.1 80.9

(57) Claim

1. A method for the preparation of a laminated material
comprising the steps of cutting open a sorghum stalk in the
fiber direction; flattening said sorghum stalk by means of a
roller press at pressures of from 0.5 to 10 kg/cm2 to form a
compressed stalk, one face of which consists of its epidermis,
the other face of which consists of 1its core; arranging a
plurality of said compressed stalks with the core in parallel
with each other to form a sheet; coating said sheet with a
resin adhesive; stacking a plurality of said sheets coated with
said adhesive; and then bonding with temperatures of from
ordinary temperature to 180°C and pressures of from 5 to 30
kg/cmz.
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PREPARATION OF LAMINATED MATERIAL

BACKGROUND OF THE INVENTION

1) Field of the Invention

The present invention relates to a method for the
preparation of a laminated material mainly made of lignocel-
lulosic stalks and a laminated material produced by the
method, more particularly to a method for the preparation of
a laminated material used for various building materials,
such as heat insulating materials, sound absorbing
materials, .building materials for fixture, furniture
materials or structural building materials and also for dis-

play materials or materials for handicrafts.

2) Description of the Related Art

Building materials other than plywood and veneer in-
clude wood based materials, such as particleboard, fiber-
board, and synthetic resin foam made of polystyrene or
polyethylene.

Particleboard is made by combining wood chips and a
synthetic resin adhesive mixture with heat and pressure.
Fiberboard is made by compressing wood and other vegetable
fibers. Particleboard and fiberboard do not suffer from
aeolotropy in practical use and lack the shortcomings of

natural materials, such as knots, rot, dimensional distor-
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tion, and warping. Furthermore, one can select the desired
specific gravity, thickness, and size of these boards ac-
cording to use. Synthetic resin foam, being light and
having an excellent heat insulating property as well as good
workability, is widely used as a heat insulating material in
building construction.

However, because the main material of the above-
mentioned wood based materials is natural wood, the supply
is limited and may not be sufficient to meet demand in the
future. Thus, there is a fear that wood based materials
will become in high price. Furthermore, particleboard,
fiberboard, and synthetic resin foam have low strength in
comparison with materials like plywood. Even if made dense,

they do not have the strength required for.structural

materials.

SUMMARY OF THE INVENTION

An object of this invention is to provide a method for

the preparation of a laminated material based on cheap,

abundant materials, i.e., lignocellulosic stalks; sQch &s 30r3kow1,
Another object of this invention is to provide a method

for the preparation of a laminated material having a

strength equal to or higher than that of plywood on the

market.
A further object of this invention is to provide a

method for the preparation of a laminated material having
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An additional object of this invention is to provide a
laminated material made by the method.

The present invention provides a ©process for the
preparation of a laminated material which includes the steps of
cutting open a  sorghum stalk in the fiber direction with
cutting means; flattening the sorghum stalk by means of a
roller press at pressures of from 0.5 to 10 kg/cm2 to form a
compressed stalk, one face of which consists of its epidermis
the other face of which consists of its core; arranging a
plurality of compressed Stalks with the core in parallel with
each other to form a sheet; coating the sheet with a resin
adhesive; stacking a plurality  of sheets coated with the
adhesive; and then bonding with temperatures of from ordinary
temperature to 180°C and pressures of from 5 to 30 kg/cm2 by
means of a hot press.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects as well as advantages of this
invention will become more apparent from the description of
preferred embodiments of this invention with reference to the
accompanying drawings, in which:

FIG. 1 illustrates a process of producing a 1laminated
material according to this invention;
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FIG. 2 illustrates a bond process;

FIG. 3 is a front view illustrating one way of stacking
sheets wherein the sheets are arranged with the compressed
stalks in the same direction;

FIG. .4 is a front view illustrating another way of
stacking sheets wherein the sheets are arranged with the
compressed stalks perpendicular to stalks of adjoining
shzets;

FIG. 5 is a perspective view illustratiﬁg a further way
of stacking sheets according to this invention;

FIG. 6 is a front view illustrating a still further way

of stacking sheets according to this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Stalks of sorghum, sugar—eaneg—oOr corn may be used as
the lignocellulosic stalks in this invention. The stalks of
sorghum are preferable.

Referring to FIG. 1, a lignocellulosic stalk 1 consists
of an epidermis la, a core 1b and a node 1c. The stalk 1 is
split or opened in the fiber direction with a knife 2 and
then fed into a roller press 3 to increase bond streﬁgth, as
mentioned later. The stalk 1 is compressed and flattened by
the roller press 3 to form a compressed stalk 4, one face of
which consists of the epidermis 1a. The lignocellulosic
stalk may be cut open and flattened simultaneously by at-

taching a knife to the roller press, not shown.

e et e skt




The pressure of the roller press 3 applied to the stalk
1 is selected from 0.5 to 10 kg/cm2 according to the kind of
lignocellulosic stalk 1 or the desired specific gravity of
the laminated material. A pressure less than 0.5 kg/cm2
does not produce a sufficient compression effect, and a
pressure more than 10 kg/cm2 crushes the stalk 1 and makes
it impossible to obtain a continuous material. The compres-
sion temperature may be ordinary temperature. The stalk 1
is given a net surface and compressed without being crushed
- by providing the surface of the roller press 3 with a spiral

- groove.

A sheet 5 is formed by arranging a plurality of

k]

compressed stalks 4 in parallel with each other. It is
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preferable to arrange the compressed stalks 4 so that the

nodes 1c do not adjoin each other. It is also preferable to
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. provisionally fix the plurality of compressed stalks in
o place by applying an adhesive tape 6 to the two ends, coat-
ahs ing the ends with a fibrous hot-melt adhesive, or sewing the

ends together by machine. A sheet 5 with the epidermis

cocaoe sides of the compressed stalks 4 facing the same direction

el o

results in uniform bond strength, as mentioned later. Ar-

rangement of the compressed stalks 4 without gaps gives the

sheet 5 a higher density.
One or both faces of the sheet 5 are coated with one or
more resin adhesives, which are selected from the group con-

sisting of isocyanate adhesives, thermosetting adhesives,
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cold-setting adhesives, and water emulsion adhesives and
which are applied to the sheet 5 singly or in mixtures. The
isocyanate adhesives include polyisocyanate resins and
self-emulsifying polyisocyanate resins. An isocyanate ad-
hesive increases the bond strength. The thermosetting ad-
hesives include phenolic resins, melamine resins, urea
resins, and epoxy resins.. The cold-setting adhesives in-
clude epoxy resins, polyurethane resins, water vinyl-
urethane resins, phenol-vinyl acetate copolymer emulsions,
cown and other condensation resins. The water emulsion adhesives
W”“é include polyvinyl acetate resins, ethylene-vinyl acetate
:;t?’ copolymer resins, styrene-butadiene copolymer resins, methyl
e methacrylate-butadiene copolymer resins, acrylic ester
copolymer resins, acrylic ester-vinyl acetate copolymer
resins, acrylonitrile-butadiene copolymer resins, and
isoprene copclymer resins. The method for coating the ad-
hesive may be any one of spray coating, curtain coating,
cave’ roller coating, and dipping. The coating quantity of the
adhesive is selected from the range of from 5 to 30 wt.%
booay s against 100 wt.% of the sheet.

The sheets coated with the adhesive are stacked and ' f

then bonded with heat and pressure. The methods for stacl:-

ing sheets are; g
(a) stacking the sheets with the compressed stalks facing
the same direction (See FIG. 3),

(b) stacking the sheets with the compressed stalks of each




sheet perpendicular to the stalks of adjoining sheets (See
FIG. 4), and

(c) stacking the sheets with the compressed stalks facing
random directions (not shown).

The laminated material in method (a) has an extremely
high flexural strength against the stalk direction. The
laminated materials in methods (b) and (c) have higher
flexural strehgth against the direction perpendicular to the
stalk direction than that in method (a), but lower flexural
strength against the stalk direction than that in method
(a), and are resistant to warping. In method (a), it is
preferable to arrange the sheet so the joins of the
compressed stalks of one sheet are staggered from those of
the stalks of the next sheet.

The temperature and pressure conditions of the bond
process are selected from the range of from ordinary tem-
perature to 180 °C and from the range of from 5 to 30
kg/cmz, respectively, according to the adhesive used, the
number of stacked sheets, and the desired specific gravity
of the laminated material. As shown in FIG. 2, with a bond
process using a hot press 7, sbacers 8 having a specified
thickness are preferably placed around the stacked sheets 5
to ensure the desired specific gravity and thickness. The
two faces of the stacked sheets 5 are preferably sandwiched

in between metal plates 9 in order to uniformly bond the

sheets 5.
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The characteristic point of this invention is that
laminated material can be obtained in low specific gravity
(0.3 - 0.4) to high specific gravity (0.8 - 1.0) according
to the compression condition of the lignocellulosic stalks
and the bond condition of the sheets, even with the same
starting material.. Laminated materials of low specific
gravity (0.3 - 0.4), having high sound absorbing and heat
insulating properties, are suited for sound absorbing
materials or heat insulating materials. Laminated materials
of medium specific gravity (0.5 - 0.7) are suited for build-
ing materials for fixture, furniture materials or structural
building materials. = Laminated materials of high specific
gravity (0.8 - 1.0), having high strength, are suited for
special structural building materials.

To prepare laminated materials with higher density and
strength, the method is employed of using the stalk removing
the core and using just the stalk removing the wax component
from the epidermis, These include mechanical methods and
chemical methods. The removal of the core from the stalk or
the removal of wax from the epidermis may be carried out
before or after compressing lignocellulosic stalks. Because
it is necessary to divide the lignocellulosic stalks in the
fiber direction if the core is removed before compression,
removal of the core after compression is preferable in work
efficiency. Sandpapers, wire brushes, and knives may be

used ‘as the mechanical method for removing the core from the
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stalk and wax from the epidermis. Soakage in alkali water
not less than pH 10, boiling water, or an organic solvent,
such as benzene, acetone, or alcohol may be used as a chemi-
cal method.

Chemical treatment of the stalks before or after com-
pression, such as flame retardation, moth-proofing, preser-
vation, or dyeing, enhance the value of the laminated
material. The sheet is thin, so chemical treatment can be
easily carried out.

The laminated materials may be given wider application
by attaching a face material like veneer to one or both
faces of the stacked sheets or inserting it between the
stacked sheets before bonding.

In the above-mentioned method, after or while being cut
open in the fiber direction, a lignocellulosic stalk is
opened up and flattened with moderate pressure without
breaking the fiber composing the stalk, so that a long, con-
tinuous material becomes the base material. Consequently,
the laminated material according to this invention has
higher strength than conventional materials made by molding
cut fibers, such as particleboard or fiberboard.

Particularly, the laminated material according to this
invention may be given extremely high strength in comparison
with conventional wood based materials by removing wax from
the epidermis to increase the adhesive force or by removing

the cores from the stalk so that the laminated material con-
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sists of only the fibrous part.

When the specific gravity of the laminated material is
kept low by retaining the cote of the stalk or by reducing
tlie pressure of compression or bonding, many pores remain,
so the laminated material becomes a net-like fibrous porous
material and has high sound absorbing and heat insulating
properties. |

As described above, the laminated material of this in-
vention can be stably supplied at low prices by utilizing as
its material, lignocellulosic stalks, which exist globally
in great abundance. There is the further advantage of solv-
ing the problem of disposal of such stalks.

Since fibers composing the stalks are not cut in this
method, the laminated material has a strength equal to or
higher than that of plywood on the market and can be used
for structural building materials.

The present invention will be described more specifi-
cally referring to emiodiments.

(Example 1)

Twenty-four sorghum stalks of about 50 grams weight and
30 cm length were cut open in the fiber direction with a
knife. The stalks were continuously fed into a grooved rol-
ler press and a non-grooved roller press for compression and
flattening at ordinary temperature. The grooved roller
press had a clearance of 1.5 mm between rolls and a groove 8

mm in pitch and 3 mm in depth. The non-grooved roller press
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had a clearance of 1.0 mm between rolls.

Groups of four compressed stalks were arranged in
parallel with their epidermis sides up. The ends of these
stalks were connected to each other by adhesive tape, in
this way, six sheets were formed, z2ach 1 mm x 300 mm x 300
mm in size and 68.5 grams in weight. Both faces of each of
the six sheets were spray-coated with an adhesive consisting
of 21 grams (solid part) of a self-emulsifying
polyisocyanéte resin diluted two-fold with water.

As shown in FIG. 1, the six adhesive-coated sheets 5
were stacked with the two top sheets 5a having stalks facing
the same direction,; the two middle sheets 5b  having stalks
facing perpendicular thereto, and the two bottom sheets 5c
having stalks facing perpendicular to those of the middle
sheets, i.e., in the same direction as those of the top
sheets 5a. As shown in FIG. 2, the stacked sheets 5 were
placed between two metal plates 9 of 2 mm x 350 mm x 350 mm
size. Spacers 6 mm in thickness were placed around the
stacked sheets, then the sheets were bonded at 150 °C and 12

kg/cm2

for 2 minutes with a hot press 7. The moisture was
expelled from the sheets to give & laminated material 10 0.8
in specific gravity and 6 mm x 300 mm x 300 mm in size.

The flexural strength of the laminated material was 483
kgf/cm2 - higher than that of conventional wood based

materials, such as particleboards or fiberboards and equal

to or higher than that of conventional plywood for concrete-
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(Example 2)

Thirty-two sorghum stalks of the same kind as in Ex-
ample 1 were split into two in the fiber direction with a
knife. The stalks were continuously fed into the same non-
grooved roller press as in Example 1 for compression and
flattening at ordinary temperature. The wax in the epider-
mis of the compressed stalks was removed by sanding and then
the cores were removed with a knife.

Eight sheets were formed by arranging the compressed
stalks in the same manner as in Example 1. Both faces of
each of the eight sheets were spray-coated with an adhesive
consisting of 15 grams (solid part) of a self-emulsifying
polyisocyanate resin diluted two-fold with water.

As shown in FIG. 5, the eight adhesive-coated sheets 5
were stacked with two top sheets 5a having stalks facing the
same direction, the four middle sheets 5b having stalks
facing perpendicular thereto, and the two bottom sheets 5c
having stalks facing perpendicular to the stalks of the
middle shéets 5b. Here, the sheets were further stacked so
that the epidermis face of each sheet would oppose the core
face of the adjoining sheet and vice verse, with the outer
most faces of the sheets 5a and 5c being the epidermis Lo
faces.

The stacked sheets were placed between two metal

12
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plates. Spacers were placed around the stacked sheets, then
the sheets were bonded at 150 °C and 12 kg/cm2 for 4 minutes
with the hot press. The moisture was expelled from the
sheets to give a laminated material 0.8 in specific gravity
and 6 mm x 300 mm x 300 mm in size.

The flexural strength of the laminated material was 717
kgf/cm2 - much higher than that of conventional wood based
materials and equal to or higher ﬁhan that of conventional

structural plywood.

{Example 3)

Six sheets of 1T mm x 300 mm x 300 mm size were formed
in the same manner as in Example 2 except without removing
the cores from the stalks. The two faces of each of the six
sheets were spray-coated with 30 grams (solid part) of a
melamine resin of 64 wt.% resin and 3 grams of an agqueous
10% NH4Cl solution.

The six sheets were stacked in the same manner as in
Example 1 and bonded in the same manner as in Example 2. A
laminated material 0.53 in specific gravity and 6 mm x 300
mm x 300 mm in size was obtained.

The laminated material had a flexural strength of 479
kgf/cm2 and excellent sound absorbing and heat insulating
properties in comparison with conventional wood based

materials.
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(Example 4)

Sorghum stalks of the same kind as in Example 1 were
split into two in the fiber direction with a knife. The
stalks were soaked in an aqueous 0.5 % NaOH solution and
then boiled for 6 hours to remove the wax of the epidermis
and the core of the sorghum stalks. The stalks were flat-
tened, spray-coated with an adhesive, arranged, and then
bonded in the same manner as in Example 2.

A laminated material 0.55 in specific gravity and 6 mm
X 300 mm x 300 mm in size was obtained. The flexural

strength of the laminated material was 320 kgf/cmz.

(Example \':id -

Four compressed—stalks—of—sugar Tane Were arranged to
form a sheet of &\é mm X 300 mm x 300 mm size. The two

faces of 12 such sﬁéeﬁs were spray-coated with an adhesive

5

AN

consisting of 25 grams Ysolid part) of a self-emulsifying
polyisocyanate resin di;:ééd two-fold with water and further
added with 20 grams of a foamring agent.

As shown in FIG. 6, the 12 sheets were stacked with the
two toﬁ sheets 5a having stalks faci the same direction,
the next two sheets 5d having stalks facing perpendicular
thereto, the four middle sheets 5b having s®™alks facing per-

pendicular to those of the sheets 5d, the next Ywo sheets 5e

having stalks facing perpendicular to those of thesheets

14




10

2
<
°

N
o

000 De0 08T
a
o

o<¢o

39

The claims defining the invention are as follows:

1. A method for the preparation of ~a laminated material
comprising the steps of cutting open a sorghum stalk in the
fiber direction; flattening said sorghum stalk by means of a
roller press at pressures of from 0.5 to 10 kg/cm2 to form a
compressed stalk, one face of which consists of its epidermis,
the other face of which consists of 'its c¢ore; arranging a
plurality of said compressed stalks with the core in parallel
with each other to form a sheet; coating said sheet with a
resin adhesive; stacking a plurality of said sheets coated with
said adhesive; and then bonding with temperatures‘ of from
ordinary temperature to 180°C and pressures of from 5 to 30
kg/cmz.

2. A method according to claim 1, wherein said sheet is
formed after removing wax from the epidermis of said stalks.

3. A method according to claim 1, wherein said sheet is
formed before removing wax from the epidermis of said stalks.

4, A method according to any one of the preceding claims,
wherein said sheet 1is formed by arranging said compressed
stalks composing said sheet with the epidermis sides facing one
direction.

5. A method according to any one of the preceding claims,
wherein said resin adhesive is one or more adhesives selected
from the group consisting of isocyanate adhesives,
thermosetting adhesives, cold-setting adhesives, and water
emulsion adhesives.

6. A laminatéd material comprising a plurality of sheets
being stacked and bonded with an adhesive, said sheet
consisting of open and flattened sorghum stalks being arranged
in the fiber direction with each other. ‘

7. A method according to <claim 1 substantially as
hereinbefore described with reference to any one of the

Examples.
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8. A laminated material according to claim 6 substantially
as hereinbefore described with reference to any one of the
Examples.

DATED: 10 May 1990

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:

KOYO SANGYO CO., LTD.
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