
Abstract

Key words : Bamboo, Bambusa vulgaris, particleboard

Bangladesh Journal of Forest Science Vol. 26 (1): 11-17,1997 11

Influence of Age of Bambusa vulgaris 
on Particleboard Properties
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The properties of particleboard produced from l-,2-,3- and 4-year old Bambusa 
vulgaris Schrad, the commonest village bamboo in Malaysia, were ascertained. 
Culms of two years old or more were found to yield good particles for particleboard 
manufacture. Three particleboards with the density of 561,641 and 721 kg/m^ were 
produced by using urea formaldehyde resin as the binder at the resin contents of 6, 
8 and 10%, pressing time of 6 minutes and temperature of 160°C. All the boards 
tested passed the minimum requirements of the British Standards BS 5669-1989. 
This indicates the suitability of this bamboo species for the manufacture of 
particleboard.
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Ten culms of B. vulgaris from each age group 
of l-,2-, 3- and 4-year old were collected within the 
vicinity of Forest Research Institute Malaysia 
(FRIM) Forest Reserve in August 1993. All the 
culms were then subjected to longitudinal split
ting before being fed into a Pallman drum chip
per. The chips produced were then flaked in a 
Pallman Knife-Ring flaker set at 0.6 mm. Since 
flakes were of the desired sizes no further process
ing was carried out. The flakes were later screened 
into 0.5, 1.0, 2.0 and 3.0 mm sizes before being 
ovendried at 60°C to a moisture content of about 
5%. Particle size analysis was also carried out 
simultaneously.

The physical and mechanical properties of the 
boards are given in Table 1. Almost all the boards 
tested passed the minimum requirements of me
chanical properties outlined by the British Stand
ard : BS 5669. Boards made of 4-year old bamboo 
flakes with 10% resin and a density of 721 kg/nP 
were observed to possess the highest values of 
MOR (30.2 MPa), IB (1.03MPa) and SW (1029N). 
Boards produced from the 1-year old bamboo and 
with a resin content of 8% and below, however, 
were found to be inferior in respect of TS values. 
In general, bamboo particleboards produced from 
2-year old and older culms with the combination 
of more than 8% resin surpassed the minimum 
requirements of the British Standards. It is thus 
expected that with the incorporation of wax, the 
dimensional stability of the bamboo boards will 
further be enhanced.

In the making of single layered urea 
particleboard of 12 mm thickness of three density 
levels (561,641 and 721 kg/m^) and resin content 
(RC) of 6,8 and 10%, a measured quantity of flakes 
was mixed with a resin containing urea-formal- 
dehyde, hardener (ammonium chloride; 20% w/ 
w) and water within the Drais mixer. The sprayed 
particles were laid afterward in a wooden mould 
and prepressed at 3.5 kg/m^. The consolidated 
mat was finally pressed for about six minutes at 
160°C in a Taihei hot-press.

The methods used for determination of physi
cal and strength properties of the boards viz., 
thickness swelling (TS), water absorption (WA), 
modulus of rupture (MOR), internal bond (IB) 
and screw-withdrawal (SW) were based on Brit
ish Standard: BS 5669 (Anon. 1989).

Particleboards are generally made of 
softwoods. The advancement of technology, how
ever, has enabled hardwoods, agricultural wastes 
and other industrial by-products to be utilized in 
the manufacture of particleboard. At present, 
rubberwood is the most abundant fibrous mate
rial for particleboard manufacture in Malaysia. 
Since rubberwood has also a large demand in the 
furniture industry in the country, alternative ligno
cellulosic materials have to be looked after for 
particleboard manufacture. Bamboo seems to be a 
promising alternative material for this purpose.

Of the 50 bamboo species found in Peninsular 
Malaysia, 31 are widely utilized. Batnbusa vulgaris, 
as such, is the most common cultivated species 
which is either planted for its shoots or culms. The 
abundant availability of the species justifies the 
suitability of B. vulgaris for particleboard making 
(Chen et al. 1991). For economic reasons it is im
perative to study the effect of age of the bamboo 
species on particleboard making. With this aim in 
view the study was undertaken.



Table 1. Physical and mechanical properties of particleboards made from Bambnsa vulgaris.

Age Resin SW TSMOR MOE IB

(yr) (N) (%)(%) (MPa) (MPa) (MPa)

3910.42 16.26227515.2356161
601 19.502739 0.4619.26641

3135 0.53 785 22.0122.47721
4888 561 15.67 2435 0.48 11.78

3023 0.50 664 15.21641 21.22
721 27.26 3507 0.58 798 16.18

0.4610 561 17.97 2848 542 5.66
641 24.64 3521 0.74 746 6.49

27.99 3686 0.80721 797 10.10

62

721 23.29 3275 0.36 950 19.64
8 561 14.67 2421 0.43 529 9.01

641 21.33 3149 0.53 777 7.90
721 24.97 3454 0.55 943 10.06

10 561 16.32 2580 0.53 474 6.70
641 21.00 3084 0.64 738 7.19
721 28.78 3939 0.75 1095 8.06
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Density
(kg/m3)

561
641

14.82
18.84

2488
2914

0.34
0.37

508
698

12.71
15.16



MOR MOE IB SW TS
(yr) (%) (MPa) (MPa) (MPa) (N) (%)

3 6 561 9.31 1692 0.40 393 10.94
641 15.64 2484 0.42 491 10.79
721 19.55 2799 0.40 648 14.68

8 561 14.94 2469 0.56 476 5.00
641 18.95 2054 0.64 642 7.05
721 22.26 3152 0.57 778 9.65

10 561 15.83 2474 0.64 494 4.83
641 20.91 3191 0.82 665 7.01
721 0.86 89726.94 3553 9.21

4 6 561 13.64 2298 0.45 551 12.46
641 18.57 2815 0.51 589 14.54
721 19.88 2985 0.55 842 17.13

8 561 15.36 2478 0.36 439 7.00
782641 23.68 3348 0.62 7.60

0.50 875721 25.89 3414 7.46
0.59 512 5.6810 2455561 15.73

7290.81 6.2525.45 3450641
10291.03 8.684123721 30.19
>360>0.34 <12.00BS 5669 >13.8

Note : Values are average of 8 readings.
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TSMOE IB SWdf MOR

and ** are not significant at P <0.05, significant at P <0.05 and highly significant at
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The respective summary of analysis of variance 
and Duncan’s Multiple Range Tests on the effects of 
age, resin and density on the particleboard proper
ties are shown in Tables 2 and 3 respectively. The 
results indicated that all the properties were influ
enced significantly by age, resin contents, density 
and their interactions (except for MOR and MOE in

age and density interaction). The older the bamboo 
culms, the superior are the particleboard properties 
(especially MOR, MOE, IB and TS). This is explain
able in the sense that less particles are consumed 
(due to higher density of particles within the older 
culms) which thus allow for more bonding sites to be 
occupied.

Age (A)
Resin (R)
Density (D)
AX R
AX D
AXRXD

15.82**
74.72**

286.42**
2.17*
1.34ns
2.10**

16.79**
23.26**
63.90**

8.53**
3.20**
5.66**

24.45**
24.92**

329.54**
1.71ns
4.27**
2.80**

MOR 
17.54c 
20.52b 
22.65a

MOE 
2658c 
2984b 
3242a

IB___
0.47b
0.59a
0.62a

IB___
0.44c
0.53b
0.72a

SW
646b 
746a 
609b 
705a
SW 
621c 
683b 
716a

TS___
9.00c

10.39b
12.74a

Resin
6
8
10

MOR____________ MOE_________ IB____________________SW_________
14.96c 2409c 0.47b 483c
20.79b 3056b 0.59a 677b
24.96a 3418a 0.62a 870a

Means having the same letter down the column differ insignificantly at P <0.01.

MOR 
21.30a 
20.45a 
18.26b 
20.93a

MOE 
3019a 
3034a 
2752b 
3041a

Density
561
641
721

Age
1
2
3
4

TS____
13.69a
10.72b
8.79d
9.64c

TS___
15.48a
9.49b
7.15c

Properties 
IB
0.55b
0.50c
0.59ab
0.60a

14.84**
86.56**

264.50**
3.07**
1.20ns
2.70**

101.31**
540.92**
105.63**
23.78**

2.38*
3.31**

Note : ns, *
P < 0.01 respectively.

Table 3. Duncan's Multiple Range Test on the effects of age, resin contents and density on 
particleboard properties.

Table 2. Summaries of the analysis of variance (ANOVA) on the board properties.

Source of
variation
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respective oil plant fruit bunches, bamboo and 
solid wood also found similar trends of linear 
relationship. TS, on the other hand, was a Iso found 
to increase significantly with density. As stated by 
Chen et al. (1991) and Chew et al. (1992), more 
spaces (due to higher density) between the 
bamboo particles are made available thus turning 
it into more porous condition.
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The increment of resin contents, on the other 
hand, increased the strength properties but 
decreased the thickness swelling of the 
particleboard simultaneously. Table 3 further 
indicates that with the increment of 2% resin 
content (i.e., from 6-8%), the MOR, MOE, IB and 
SW increased by about 3 kg/cm-, 326 MPa, 0.09 
MPa and 62 N respectively. At the same time the 
thickness swelling properties of the particleboard 
decreased by about 6%. Similar observations on 
the strength properties-resin contents linear rela
tionship were also reported by other works on 
materials like solid wood (Burrows 1961, Talbot 
and Maloney 1957, Kelly 1977, Moslemi 1974 and 
Siti Norralakmam and Razali 1992), bamboo (Chen 
etal. 1991) and oil palm fruit bunches (Shaikh cf nZ. 
1993) However, an increment of 4% resin content 
retarded the thickness swelling by more than 
50%. This produced more stable board.

Density plays an important role on the physi
cal and mechanical properties of the boards 
produced. A higher density is usually associated 
with higher strength properties. In this investiga
tion, the MOR, IB and SW increased with the 
linear increase of density levels. This could be 
related to the higher compaction ratio due to 
higher density. Shaikh et al. (1993), Chen et al. 
(1991) and Chew et al. (1992) in their studies on the

Bamboo particles are suitable as a raw mate
rial for the production of particleboard. The study 
indicated that with a minimum resin content of 
8%, acceptable board properties can be made 
easily to meet the British Standards requirements. 
Bamboo culms of two-year old and more were 
observed to yield good particles for particleboard 
manufacture. Further studies on the addition of 
wax and its effect on the dimensional stability of 
bamboo particleboards are suggested.
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