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ARTICLE INFO ABSTRACT

The objective of this study to evaluate the physical and mechanical properties of particle
board manufactured from silver oak (Grevillea robusta) and banana strands. In the particle
board manufacturing banana strands were replaced in 25% and 50% in the silver oak particle
boards. Modulus of elasticity (MOE), modulus of rupture (MOR), internal bonding (IB)
strength values and thickness swelling (TS) after 24-hour water soaking of the panels were
determined according to the procedure of IS 3087: 2005 Grade II. The results were satisfied
that the banana strands can be an alternative raw material for the particle board
manufacturing. With the increase of banana strands from 25% to 50%, the density of the
board is decreased, and the other parameters like IB, Screw withdrawal, MoE and MoR are
conformed the standard.

INTRODUCTION
The global raw material demand increasing day by day for the
wood based panel products. On the other side there is a drastic
decline in the production due to the shortage of natural forests and
that forces the wood based panel industries as well as the
researcher to find some other prominent agro residues as an
alternative raw material for industrial production. The use of
renewable bio mass could result the both of environment and
socioeconomic to the farmers (McNutt et al., 1992,
Rowell.M.1995). The foreseen deficit in wood and wood fibers let
to many research and industrial efforts to find alternative
lignocelulosic raw material sources. Agricultural residues,
plantation of fast growing and annual plants and recycling of
wood products have been looked up as very important soruces
(Bowyer and Stockman 2001; Ntalos 2000; Youngquist et al.,,
1994). The interest in using agricultural residues for the
production of fiber panels started at the beginning of the twentieth
century (Atchinson and Collins, 1976) and numerous fiber and
particle board plants based on corncob, hemp, flax in the 50’s and
60’s (Berus and Caljar, 1999). Today research efforts are been
focused mainly on the utilization potentials of wheat straw
(Mantains and Berns 2001;Grigoriou 1998; Dalen and Shorma
1996), cotton stem (Ntalos 2000; Pandey and Mehta 1980) and
kenaf (Pasialis et al.,1998 Grigoriou et al; Chow et al.,1992).
The limitations of raw material have forced to use lignocellulosic
materials from different sources particularly from the agro
residues like banana pseudo stem find better availability than the
other residues. In India the banana cultivation is around 7 lakh
hectare per Annam, the total availability of banana pseudo stem is

60-80 tonne/ha and the fibre yield of 600kg/ ha. After the harvest
most of the stems are left out in the field which will lead to the
environmental hazards. The value addition will really make an
additional income to the formers. National Commission on
agriculture has estimated that the demand for particle board will
grow at 7% per annum.  However, a growth has been observed
at4.5% in India.  This growth is at par with international growth
rate of use of particle board.  In fact the other important panel
product viz., plywood has remained stable in production and use.
In last 5- 6 years, there has been tremendous market acceptability
of pre- laminated Particle Board in India and to compensate the
deficit of national production and consumption, particle board is
being imported to the country. Particleboard has found typical
applications as flooring, wall and ceiling panels, office dividers,
bulletin boards, furniture, cabinets, counter tops and desk tops.
Recently, the demand for the particleboard has continued to
increase for housing construction and furniture manufacturing.
Silver oak (Grevillea robusta) is the fast growing ever green tree
normally found as the shadow tree in the tea and coffee
plantations. The property of silver oak particle board meets the
particle board standards. The replacement of silver oak particles
by the banana strands will reduce the pressure to the natural and
agro forestry sector.

MATERIALS AND METHODS
Trunk and branches of silver oak was cut in to the suitable sizes
before feeding into the chipper. The actual size of the in feed
log/branch depends on the chipper blade capacity. 2ft length and
up to 2-3 inches of diameter were fed into the chipper for the
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manufacture of particles. The moisture content was maintained
between 20-30% in the chipping operation. The slenderness was
maintained around 160-180 for face particles and around 50-80
for core particles. Banana strands were procured at 4 feet lengths
which were converted in to the small particles and the same were
dried by using an electrical oven at 50 degree centigrade. Then the
particles were passed in to the pulveriser and the particles were
reduced to smaller sizes. The particle boards were manufactured
by using the silver oak particles and 25%, 50% and 75% of
banana strands. Conventional Urea formaldehyde resin of the
mole ratio of 1:1.72 or the weight ratio of urea and formaldehyde
1:2.33 was used for the manufacture of the combi particle boards.
Pre-pressing was done for time duration of 1 minute at a specific
pressure of 6 kg/cm². The thickness of mat after Pre-pressing was
in the range of 50-60 mm for final board thickness of 19 mm. Hot
pressing was done at a platen temp of 155°C and at two levels of
specific pressure of 25 kg/cm² for compression cycle for time
duration of 8 min minute and 14 kg/cm² for the curing cycle for
time duration of 7 minute.  The thickness of the product is
controlled by 19 mm supporting strips fitted onto the platen dies.
After the stipulated period of heating under pressure the boards
are unloaded from the hot press and stacked horizontally for a
period of 48 hours for stabilization.  The stabilized boards are then
dimensioned to the required size by processing through a double
dimension saw.

Testing

The physical and mechanical properties of produced
particleboards were tested according to the Indian standard: IS
3087: 2005 Grade II “Specification for Particle Boards of wood
and other lignocellulosics materials (Medium Density) for general
purpose”.

RESULT AND DISCUSSION
Mechanical properties

The density of the particle board attainted within the range of 500-
900 Kg/m³. The maximum blending of 75% banana strands attain
the average density of 704 Kg/m³. The incorporation of the
banana strands in the wood particle boards were not improved the
mechanical properties of the particle board. The 50 percentage of
banana strands were produced the acceptable values of the
mechanical properties as per the IS standards. The modulus of
elasticity and modulus of rupture were attained in the 50
percentage of banana strands incorporation in the wood particle
board. The 75 percentage incorporation of banana strands short
fall of 12% modulus of rupture and 9.23% modulus of elasticity
against the prescribed values of IS standard. The IB was also short
fall of 28% in the 75 percentage incorporation of banana strands
in the wood particle board.

Physical properties

The water absorption after 2hr and 24hr were significantly lesser
than the control sample which indicates that the incorporation of
banana strands absorbs more water when the percentage of
banana strands increased in the wood particle board. The
maximum incorporation of 50 percentage banana strands attained
the prescribed values of the relevant IS standard. But the boards
made of 75 percentages of banana strands does not impress on
water absorption neither after 2hr nor after 24 hr.

Table 1 Physical and Mechanical properties of silver oak and banana strands particle
board as per IS :3087-2005 Gr:II

Sl No Properties

Prescribed values
in IS:3087-2005 100/0* 75/25* 50/50* 25/75*

01
Density (Kg/m³)

a) Average
b) Variation from mean

500-900
± 10%

816 802 788 704

02 Moisture content 5-15 ± 3% 5.83 6.057 6.5 7.54

03
Water absorption %

a) 2 hrs soaking
b) 24hrs soaking

40
80

21.63
46.6

30.3
50.9

38.45
69.69

55.46
78.12

04

Swelling due to general absorption.
a) Thickness
b) Length
c) Width

Due to surface absorption
Thickness

12
0.5
0.5

9

9.305
0.417
0.420

7.93

11.37
0.489
0.467

8.64

11.92
0.498
0.487

8.95

15.96
0.713
0.741

11.48

05
Modulus of elasticity (MoE)  (N/mm²)

a) Average
b) Minimum Ind

2000
1800

2502.8
2300

2393.4
2100

2011.2
1950

1829.5
1745

06
Modulus of rupture (MoR) (N/mm²)

a) Average
b) Minimum Ind

11
10

17.878
17.000

12.352
11.812

11.550
10.846

09.860
09.584

07 Internal bond strength (IB)  (N/mm²) 0.8 0.915 0.845 0.801 0.624

08
Screw withdrawal Strength (N/mm²)

a) Face
b) Edge

1250
850

1400
920

1264
879

1254
856

1092
789

Table 2 Mechanical properties of silver oak and banana
strands particle board

Mixture* Density
(Kg/m³)

MoE
(N/mm²)

MoR
(N/mm²)

IB
(N/mm²)

100/0* 816 2502.8 17.878 0.915
75/25* 802 2393.4 12.352 0.845
50/50* 788 2011.4 11.55 0.801
25/75* 704 1829.5 09.860 0.624



International Journal of Recent Scientific Research, Vol. 5, Issue, 1, pp.198-200, January, 2014

200

CONCLUSION
The single layered particle board made from the mixture of
banana strands and silver oak wood particles were evaluated for
some of the mechanical and physical properties as per the IS:
3087-2005. The findings from the study revealed that WA, TS,
MoE, MoR and IB values of all produce boards made from 50/50
percentage of banana strands and silver oak particles meets the
prescribed values of IS: 3087-2005. Therefore, the suitability of
banana strands for manufacturing particle board found up to 50%
replacement in the wood particle board.
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