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The objective of this study was to evaluate the physical and mechanical properties of strand board
bonded with disposal expanded polystyrene (EPS) as binder. The strand board was manufactured using
strand made from Douglas—fir beams selected from construction scrap wood. The strands were oriented,
and two types of three-layer (face—core—face) strand board were manufactured: one in which the board
bonded with only disposal EPS (P board), and the other in which the board bonded with disposal EPS after
isocyanate compound adhesive was applied to the strand (M board). The physical and mechanical proper-
ties of the boards were evaluated based on the Japanese Industrial Standard for Particleboards (JIS A 5908).
The main results obtained were as follows: bending strength properties and internal bond (IB) strength of P
board had larger than those of type 18 PB and 24-10 PB standard. However, thickness swelling (TS) of the
board was large, and the problem in water—proof property of the board remained. Bending strength proper-
ties, IB strength and TS of M board were larger than those of type 24-10 PB standard. The performance of
M board showed equal or larger performance than those of control board.

INTRODUCTION

Recently, the products manufactured from the recy-
cled materials are especially paid attention in the view-
point of environmental problems. The progress of such
a recycling technology of products means that material
recycling makes the technology economically and envi-
ronmentally attractive. Especially, disposal expended
polystyrene (EPS) as a large amount of material aban-
doned in the advanced countries has the major concern.
The amount of disposal EPS is increasing more and more
due to the increasing of demand for packaging material.
In Japan, disposal EPS is collected around 17-18 million
tonnes annually. According to the examination of the
Japan EPS Recycling Association, the recycling rate of
disposal EPS in 2005 was 71%, and the targeted recy-
cling rate until 2010 is 75%. In order to achieve this pur-
pose, the development of new technology and new uses
of disposal EPS is desirable.

As measures of recycling for disposal EPS, manufac-
turing of wood composites bonded with disposal EPS as
binder could be one of the solutions. Wood composites
were manufactured by arranging small pieces of wood
material and then bonded together with adhesive. Most
of wood composite products in the market are bonded
with synthetic resin adhesive. Although, synthetic resin
adhesives have many advantages, such as high bond
strength and high water resistance, but most of them
contain formaldehyde and a chemical agent that cause
environmental problems. Therefore, it is necessary to
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develop a new method of bonding which not using syn-
thetic resin adhesive to avoid of those environmental
problems.

In previous study on utilization of disposal EPS for
wood composite manufacturing, it was found that den-
sity of the board and weight ratios of disposal EPS to
wood particles were the significant factors influenced
mechanical properties of particleboard (Fukuda et al.,
2001). Hayashi et al., (2003) examined the possibility of
manufacturing low—density particleboard bonded with
disposal EPS, and it was found that modulus of rupture
(MOR) and internal bond (IB) strength of the board
bonded with disposal EPS under manufacturing condi-
tions in density of 0.5 g/cm’ and weight ratio of disposal
EPS of 40% was equal to the type 8 particleboard (PB)
of the Japanese Industrial Standard for particleboard
(JIS A 5908).

The objective of this study was to evaluate the phys-
ical and mechanical properties of strand board bonded
with disposal EPS as binder. That is, strand board was
manufactured using strand made from Douglas—fir beams
selected from construction scrap wood. The strands were
oriented, and two types of three-layer (face—core—face)
strand board were manufactured: one in which the board
bonded with only disposal EPS, and the other in which
the board bonded with disposal EPS after isocyanate com-
pound adhesive was applied to the strand. The physical
and mechanical properties of the boards were evaluated
based on the JIS A 5908.

MATERIALS AND METHODS

Raw material preparation

Five kinds of Douglas—fir (Pseudotsuga menziesii)
beams selected from construction scrap wood were pre-
pared as raw materials for the strands. The density, mois-
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ture content (MC) and bending strength properties of
each kind of beam are listed in Table 1. The MC of the
beams was low, as shown in the Table 1. Therefore, the
strands could not be processed using a disk flaker in our
laboratory. Thus, the beams were cut into blocks 250 mm
long by cross sectional cutting, and pretreated by heat-
ing and pressurizing at 115 °C for 900 s by using an auto-
clave. After that, the MC of the block was adjusted to be
55-130% by immersing the block in water. The strands
were then processed by cutting them perpendicular to
the grain at target dimensions of 60 or 120 mm long,
0.5 mm thick and 15 mm wide, respectively. The strands
were oven dried to an average MC of 8.8%. For the
board manufacturing, all the strands were mixed based
on their weight ratio obtained from each kind of raw
material as shown in Table 1.

Disposal EPS tray was processed into powder form
by using a grinding machine and then classified by using
a sieve with a screen aperture of 500 zm. Disposal EPS
powder passed this sieve was used to manufacture the
board.

Board manufacturing

The strands were oriented, and two types of three—
layer (face—core—face) strand board were manufactured:
one in which the board bonded with only disposal EPS
(P board), and the other in which the board bonded with
disposal EPS after isocyanate compound adhesive was
applied to the strand (M board). The weight ratio of
face—core—face was set at 1:2:1.

In our previous study (Hermawan et al., 2009),
three—layer strand board was manufactured with strand

Fig. 1. Schematic diagram of strand board.
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of length 120 mm in the face layers and 60 mm in the
core layer. When the strands of the face layers were ori-
ented at same direction and those of the core layer were
oriented at random, the mechanical properties of the
board had large values. Therefore, in this study, we
manufactured strand board with the same length and
orientation of the strand as mentioned above. Schematic
diagram of the board are shown in Fig. 1.

In manufacturing of P board, based on oven-dry
strand weight, water of 25% was applied by using spry
gun to the strand to make it easier to adhere uniformly
with disposal EPS powder. And then, disposal EPS pow-
ders were added and mixed uniformly with the strand,
and the board was formed. In manufacturing of M board,
based on oven—dry strand weight, isocyanate compound
adhesive of 3% and water of 25% was mixed and then
applied to the strand by using spry gun. After that, dis-
posal EPS powders were added and mixed uniformly
with the strand, and the board was formed.

The forming size of the board was 365mm long,
255 mm wide, and the thickness was provided by using a
distance—bar 10 mm thick. In hot pressing conditions, the
hot plate temperature was adjusted to 180 °C, and the
hot press time was adjusted to 600s. The board was
cured at room temperature for one month after hot
pressing. The final dimensions were 300 mm length,
200 mm width and 10 mm thickness. The manufactur-
ing conditions of this study are listed in Table 2.

Board evaluation

The physical and mechanical properties of the
boards were evaluated based on the JIS A 5908. A static
bending test was conducted using a Universal Testing
Machine. The specimen (220X30X10 mm) for the static
bending test of each type of board was prepared. Three—
point bending was applied over an effective span of
150 mm at a loading speed of 5 mm/min. In this test, a
parallel specimen and a right—-angle specimen for both P
and M board were prepared. As for the parallel speci-
men, the long side of the specimen is parallel to the
strand orientation of the face layer. As for the right—

Table 1. Properties of raw materials and weight ratio of the strand for board manufacturing

Raw material Density

Weight ratios of the strand for

(Douglas—fir) (g/em?) MG (%) MOR (Mpa) MOE (GPa) board manufacturing (%)
A 0.51 9.3 105 11.7 61
B 0.53 9.3 107 10.0 25
C 0.39 9.6 79 8.8 2
D 0.48 9.9 78 7.2 9
E 0.38 9.6 51 6.9 4

Table 2. Manufacturing conditions

Strand length (mm)

Face layer Core layer

Strand orientation

Binder and weight ratio

120 60

Random

Disposal EPS 40%
Isocyanate 3% + Disposal EPS 25%
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angle specimen, the long side of the specimen is perpen-
dicular to the strand orientation of the face layer. The
specimen (50x50%x10mm) for both of internal bond
(IB) strength and thickness swelling (TS) tests from
each type of board was prepared, respectively.

RESULTS AND DISCUSSION

The average values of density and MC for P board
were 0.74 g/cm’ and 3.5%, respectively. In case of M
board, these values were 0.71 g/cm’ and 4.0%, respec-
tively. Bending strength properties, IB strength and TS
value corresponded to a density of 0.65 g/cm’ calculated
based on the regression-line equation from the relation-
ship between each performance value obtained by evalu-
ation tests and density of the specimen.

In addition, for the sake of comparison of the physi-
cal and mechanical properties of the manufactured strand
board in this study, we added the standard values of type
18 PB, type 24-10 PB of JIS A 5908, commercial OSB and
commercial plywood for structure to the following fig-
ures. Moreover, strand board with target density of
0.65 g/cm’ bonded with isocyanate compound adhesive
with resin content of 6% was manufactured as control
board. Strand length and orientation of the control board
was similar with those of strand board bonded with dis-
posal EPS manufactured in this study. The properties of
both boards were also compared.

Bending strength properties

Figure 2 shows modulus of rupture (MOR) of a par-
allel specimen of strand board. The MOR of P board
exceeded the standard value of 18 PB and 24-10 PB. In
addition, the MOR of M board was larger than that of
control board, commercial OSB and commercial plywood
for structure. Figure 3 shows modulus of elasticity (MOE)
of a parallel specimen of strand board. The MOE of both
P and M board was larger than that of type 18 PB stand-
ard, 24-10 PB standard and commercial OSB. However,
the MOE of both boards was smaller than that of control
board.

In this study, the MOR and MOE of M board were
larger than those of P board. This is because disposal
EPS is a non polar material and wood strand is a polar
material, which makes them difficult to bond together in
P board. From the results of M board, isocyanate com-
pound adhesive had been found to be an effective cou-
pling agent to improve bonding strength between the
strands. Therefore, bending strength properties of M
board were larger than those of P board.

Internal bond (IB) strength

Figure 4 shows IB strength of strand board. IB
strength of P board exceeded the standard value of type
18 PB and 24-10 PB. From this result, it was clear that
strand board bonded with disposal EPS as binder had
sufficient strand-to—strand glue joint. Consequently, it
was considered that the stress between the strands trans-
ferred uniformly and it affected to the improvement of
mechanical properties of the board. In addition, IB
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Fig. 2. Modulus of rupture (MOR) of parallel specimen of strand
board manufactured in this study.

Legend: dot line, type 18 PB standard; dash line, type 24-10 PB
standard; long dash line, commercial OSB; solid line,
commercial plywood for structure.
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Fig. 3. Modulus of elasticity (MOE) of parallel specimen of strand
board manufactured in this study.
Legend: symbols are shown in Fig. 2.
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Fig. 4. Internal bond (IB) strength of strand board manufactured
in this study.

Legend: dot line, type 18 PB and 24-10 B standard; long dash
line, commercial OSB.
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strength of M board was larger than that of control board.
However, IB strength of M board was lower than that of
commercial OSB.

Thickness swelling (TS)

Figure 5 shows TS of strand board manufactured in
this study. After 24 h water immersion, the TS of P board
was very large, and the value was larger than that of type
24-10 PB standard. It has been widely known that resin
can serve as a swelling-resistant agent. From this result,
disposal EPS as binder could not resist the swelling of
the board due to breakage of strand—to—strand glue joint.
Consequently, gaps and cracks in the surface of the
specimen of P board were occurred. Moreover, it is well
known that strand board has larger thickness swelling
than other wood composites when exposed to high rela-
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Fig. 5. Thickness swelling (TS) of strand board manufactured in
this study.
Legend: symbols are shown in Fig. 2.

tive humidity conditions and in the direct contact with
water. Therefore, these results remained a problem
regarding the water—proof property of the board. On the
other hand, the TS of M board was more improved than
that of P board, and the TS was smaller than that of con-
trol board and commercial OSB.

CONCLUSIONS

In this study, strand boards bonded with disposal
EPS as binder were manufactured. The physical and
mechanical properties of the board were investigated.
The main results obtained are as follows:

1. Bending strength properties and IB strength of P
board were larger than those of type 18PB and
24-10 PB standard. However, TS of the board was
large, and the problem in water—proof property of
the board remained.

2. Bending strength properties, IB strength and TS of
M board were larger than those of type 24-10 PB
standard, and the performance of M board showed
equal or larger than those of control board.
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