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Single-layer melamine urea formaldehyde particleboard was produced using buluh semantan (Gigantochloa scorte
chinil). Sixt} bamboo clums from I, 2 and 3 year-old bamboo was used in the study. In the manufacture ofhomoge
nous board, three different resin contents were applied; 8, 10 and 12% using three different particle sizes of0.5-1.0,
1.0-2.0 and:> 2.0 mm. One percent wax was added while no wax was used for the controlled boards. The results
indicate that all the properties tested (except for rB) decrease significantly with age. All the mechanical properties
increase, the physical properties is better with increase in the resin content. Particle size influence significantly the
mechanical Gnd physical properties of the particleboard produced. Wax addition decreases the mechanical proper
ties but incre,2ses the dimensional stability ofthe particleboard.
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Introduction

In Malaysia, particleboard is being manufactured using tropical hardwoods especially rubberwood. At present rub
berwood is a .so sought for by the other wood industries, especially the furniture industry. In order to sustain the op
eration of the existing particleboard industry it is therefore of utmost importance that alternative raw materials are
available.
This paper d scusses the particleboard properties of single-layered particleboard produced with melamine urea for
maldehyde (MUF) resins. The influences of age, particle size, resin level and wax addition are also included in the
discussion.

Materials and Methods

Sixty bamboo clums from three-year-old bamboo (Gigantochloa scortechinii) were harvested from managed bamboo
clumps in FR 1M, cut into 2 m length and splitted longitudinally using a bamboo splitter. The bamboo splits were fed
into the Pallmann drum chipper and the chips produced were then flaked in the Pallmann drum flaker. After flaking
the particles were air-dried for onc week to reduce the moisture content prior to oven-drying and were subsequently
placed in an oven at 60 C until the moisture reaches about five percent. The oven-dried particles were then screened
into less than 0.5, 0.5-1.0, 1.0-2.0 and more than 2.0 mm sizes using a circular vibrating screen.
In the manufacture of homogenous board, three different resin contents were applied; 8, 10 and 12% using three
different particle sizes of 0.5-1.0, 1.0-2.0 and > 2.0 mm. One percent wax was added while no wax was used for the
controlled boards. The melamine urea-formaldehyde resin used in the study had a solid content of 65%. The hardener
(ammonium chloride) solution with a concentration of 20% was used. The amount of hardener added was equivalent
to 3% of the 'veight of the resin solution used.

For board manufacture a weighted amount of particles was placed in the Drais glue mixer and sprayed with a resin
mix containir.g resin, hardener, wax and water. The glue mix was sprayed as a fine mist at an air pressure of 0.4 MPa
in order to obtain an even distribution of resin over the bamboo particles. After spraying, the sprayed particles were
then manuall:/ laid in a wooden mould over a caul plate with a dimension of 34 x 34 cm and then pre-pressed with a
cold press at 3.5 MPa for 30 seconds. The consolidated mat was then finally pressed to the required thickness of 12
rom at 160°C for 6 minutes with the maximum pressure at the metal stops at 120 kg cm-2. The target density was
approximatel:{ 721 kgm·3

• A total of three boards were produced for each condition.
AI! the hoards produced werc cut according to a cutting plan adopted from BS EN 326-1: 1994 (Anonymous

1994) made t;> obtain a random selection of test samples throughout the board size of 340 x 340 rom. The test sam
ples were tested for its mechanical: modulus of rupture (MaR), modulus of elasticity (MOE) and internal bond (lB),
and physical properties: water absorption (WA) and thickness swelling (TS) according to British Standard BS EN:
1993 (Anonymous, 1993). Screw withdrawal (SWE & SWS) tests were conducted according to BS 5669
(Anonymous 1989). AI! the mechanical tests were conducted using an Instron Universal Testing Machine Model
4204.
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Results and Discussiom:

Statistical significance

The analysis of variance on the board properties is given in Table 4. In general, all the mechanical and physical prop
erties varied significantly with age (except for IB), resin content, PS and wax (except for MOR). These imply that the
variations in all the mechanical and physical properties are significantly influenced by the single factor of age, resin,
PS and wax.

Effect of Age

Table 5 gives the effects or age on the physical and mechanical properties of the MUF boards. The results indicate
that all the properties tested (except for 18) decrease significantly with age. These are further revealed by the correla
tion analysis (Table 37), which indicate for MOR (r = -0.16), MOE(r = -0.12), TS24(r = -0.32), WA I (r = -0.22) and
WA24 (r = -0.20), respecti'/ely. The value of SWE (R = 0.24) and SWS (r=0.04) however, increased with an incre
ment of age. This could be explain by the higher bulk density of older bamboo which would have better resin effi
ciency in gluing thus better mechanical properties. Regardless of the effects of other factors, the particles from any
age group seem suitable for the manufacture of MUF particleboard.

Table 4 : Summaries of the Analysis ofYariance on the Board PropertIes

SOY df MOR MOE IE SWS SWE TSI TS24 WAI WA24

Age (A) 2 48.11 ** 1".31 E6** 0.02ns 3.65E4** 1.21E5** 1.33** 526.45** 644.36** 2.36E3**
Resin(R) 2 778.26** 8.12E6** 2.39** 7.92E5** 5.36E5** 90.27** I.5IE3** 1.07E3** 6.05E3**
PSize(P) 2 49.22** ·U5E5** 0.54** 3.62E4** 4.02E4** 24.33** 182.00** 526.30** 236.87**
Wax (W) I 2.50ns 4.58E6** 0.58** 6.70E5** 8.21 E5·* 283.4** 3.81 E3·· I.77E4·· 6.80E4**
AR 4 1.71 ns 1.03E5· 0.02· 6.87E3ns 1.46E3ns 0.20ns 15.13·· 8.24** 30.20·
AP 4 20.93** 1.44E6** 0.05** 5.42E** 3.54E4** 8.94** 26.33*· 85.23** 490.35*·
RP 4 10.80·· ~.67E4* 0.008ns 4.39Ens 1.44E3ns 3.41 ** 10.46** 23.53**' 58.33**
ARP 8 2.86ns 1.29E5** 0.04** 1.12E5** 4. 17E3ns 1.45** 2.88·* 30.40** 27.06**
AXW 2 14.00** 1.87E6** 0.02· 2.95E5*·2.86E4** 9.45** 183.44** 678.57** 378.06**
RXW 2 0.49ns E.38E4ns 0.003ns 1.89E4·· 1.96E3ns 16.30** 197.21·· 428.48** 978.04*·
ARW 4 3.79ns '..99E5** 0.002ns 2.00E5** 5.93E3· 0.22ns 4.99** 2.91ns 39.13**
PW 2 1.17ns '1.15E5** 0.03* 1.84E5** 5.80E3ns 14.53** 54.18** 623.28** 245.35**
APW 4 7.94* S'.72E5** 0.06** 2.IIE4** 4.06E4**2.21** 36.49** 115.73** 154.09**
RPW 4 4.63ns :~.53E4ns O.Olns 8.56E3* I.IOE3ns 2.74** 3.96* 28.87** 38.14**
ARPW 8 4.26ns 6.27E4ns 0.03** 1.60E3ns 2.IE3** 0.73** 2.75ns 20.80** 14.33ns

Note: ns - not signifkant at p < 0.05, * - significant at p < 0.05, ** highly significant at p < 0.0 I

Table 5: Effects of 8<Lmboo Age on the Physical and Mechanical Properties of Single-Layered MUF Particle
boards

Age MOR MOE 18 SWS SWE TSI TS24 WAI WA24
(yrs) (MPa) (MPa) (MPa) (N) (N) (%) (%) (%)" (%)

I 26.44a 3810a 0.91a 850b 708 b 3.32b 17.33a 16.92a 47.91a
2 25.13b 3261c 0.93a 890a 772a 3.47a 15.58b 14.38b 47.48a
3 25.23b 3670b 0.91a 863a 77la 3.23b 12.55c 11.56c 38.98b

Note: Means ha'/ing different letter down the column differ significantly at p < 0.05

Effects of Varying Resin Content

The effects of varying resin content on the mechanical and physical properties are shown in Figures I and 2, respec
tively. All the mechal1lcal J:roperties increase with increase in the resin content. By increasing the resin content to
4% (8 to 12%), MOR increases by about 26%, 18 by 43% and SWS by 24%. The correlation analysis (Table 6) fur-
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