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Abstract 

Particle boards were prepared from saw dust wastes obtained from Gmelina aborea using polyethylene as 
binder. The boards were produced under three different compositional variables, namely: particles sizes (1 
µm, 1.5 µm and 2 µm), densities (450kg/m

3
, 550 kg/m

3
 and 650 kg/m

3
) and mixing ratios ofsaw dust to 

polyethylene (30:70, 40:60 and 50:50). Part of the saw dust samples were chemically modified by pulping with 
caustic soda at 110

o
C and the effect of modification was examined on the physical and mechanical properties 

of the particle boards. The results showed that the chemically modified particle boards showed improved 
resistance to swelling and water absorption while a decrease was observed in the values of the modulus of 
rupture and elasticity.  
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1. INTRODUCTION 

The utilization of wood and natural fibers as a substitute to synthetic fillers such as carbon, glass or aramids for the 
production of particle boards is an ethically sound way of reducing the use of non – biodegradable and non – renewable 
resources. Woods and natural fibers because of their weight results in the formation of boards with low density and high 
toughness, applicable in the industrial production of window and door frames, furniture, railroad sleepers, automotive 
panels and upholstery, gardening items, packaging, shelves and general applications that does not require very high 
mechanical resistance but, low purchasing and maintenance costs [1-5]. Furthermore, the problem associated with the 
wearing and tearing of process equipment will be reduced as they are less abrasive than their inorganic counterpart. [5]. 

Wood wastes abound in Nigeria in large quantities generated on daily bases from wood processing and saw mill 
operations. Research finding revealed that about 45 – 50 % of the original wood harvested in Nigeria ended up as wastes 
[6, 7]. Some of these wastes are used as deep litters for poultry droppings while the majority are burnt or dump in waste 
sites thus constituting environmental hazards [8]. Majority of these wood wastes can effectively be used in the production 
of particle boards and other allied products [9]. 

One of the major challenges confronting the production of particle boards from woods and natural fibers is the use of 
formaldehyde resin as binder [10]. It has been reported that exposure to appreciable quantity of formaldehyde can cause 
nasal and throat congestion, burning eyes, headache and increasing risk of cancer [11-12]. The use of thermoplastics 
especially polyolefin have been suggested as an alternative to formaldehyde binder. Towards this end, thermoplastic 
boards and composites were produced from various wood and natural fibers.  The production of polyethylene – wood fiber 
board has been reported in the literature. [13-14]. However, reported work on the use of recycled low density polyethylene 
(LDPE) for wood particle board production are very limited [15-17]. LDPE wastes such as water sachet are found littering 
almost every street in Nigeria and its recycling is a major challenge. The present study was aimed at the production of 
wood/plastic particle board using Gmelina arborea saw dust wastes and recycled granulated LDPE wastes as binder. The 
influence of process variables such as board density, mixing ratio and particle size on the physical and mechanical 
properties were examined using a central composite factorial design. 

2. MATERIALS AND METHODS 

2.1. Preparation of Samples  

Samples of Gmelina arborea for the study were collected from the Forestry Research Institute, of Nigeria, FRIN, 
Jericho, Ibadan, Nigeria. The saw dust samples were dried and sieved to obtain the following different particle sizes: 1.00 
µm, 1.5 µm and 2 µm. Shredded water sachets were obtained from an MTN Waste Recycling Center, Ibadan. 

2.2. Chemical composition.  

The proportions of the chemical constituents that affect the characteristics of the plant were determined on 
ground samples of Gmelina arborea using standard methods as described elsewhere [18].  

2.3. Soda pulping studies 

Soda cooking liquor was prepared from a standard concentrated solution of sodium hydroxide by serial dilution 
with de-ionized water. The plant samples were pulped in a 10-litre electrically heated and thermostatically controlled 
stainless steel digester with 20 % caustic soda. Saw dust samples (500g) from Gmelina arborea were weighed and 
charged into the digester with the required amount of chemical solution at liquor to solid ratio of 7:1. The digester was 
heated to the operating temperatures (110

o
C) and the samples were pulped for 180 minutes.  The resulting pulp was 

thoroughly washed with tap water and the pulp yield was determined gravimetrically after drying at 102
o
C to constant 

weight in the oven.  

2.4. Preparation of particle board and Testing 

The dried Gmelina arborea saw dust was mixed thoroughly with the appropriate amount of granulated LDPE 
wastes based on the specified ratio. The mixture was poured into a mold of 250 mm x 250mm x 5 mm in dimension and 
then compounded at about 85

o
C for about 15 minutes at a pressure of about 1.23 N/mm

2
. The water absorption (WA) 

characteristic of the boards was determined manually based on the difference between the weight of test specimen 
soaked for 24 hours and the oven dry weight test specimen. The thickness swelling (TS) was based on the difference in 
their thickness. The bending modulus of elasticity (MOE) and modulus of rupture (MOR) were estimated from the load 
deflection curves at peak according to ASTM standard D 1037-96a (1998) [19]. A Scanning Electron Microscope (SEM) 
(Aspex 3020) was used to examine the Gmelina arborea surfaces of the particle board. 

2.5. The central composite factorial design 

The central composite factorial design was employed to evaluate and quantify the effect of the operational 
variables on the pulp yields and residual lignin. The effect of the variables were quantified more precisely by choosing part 
of the experimental results and grouping them to form a first order full factorial design, with variables at two levels (2

3
).  

Using this design, some of the experimental data were fitted to a first order polynomial regression equation as 
implemented in the "SPSS" statistical package. Individual and second order interaction influences over the response 
surface of the independent variables were evaluated [20] 

The mathematical model was: 
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3223311321123322110 XXaXXaXXaXaXaXaaY             (1) 

The response variable Y represents the physical (WA and TS) and mechanical properties (MOR and MOE). The 
independent variables X1, X2 and X3 correspond to the BD, MR and PS respectively. The ranges of values for each 
independent variable were: BD, 450, 550 and 650 kg/m

3
, MR, 30:70, 40:60 and 50:50 and PS, 1.0, 1.5 and 2.0 µm.  

 

The values of the independent variables were normalized from –1 to +1 by using the equation: 

         Xn   =      2(X-X) / (Xmax-Xmin )          (2) 

Where   Xn is the normalized value of BD, MR and PS, X is the absolute experimental value of the variable, X is the mean 
of all the experimental values for the variable in question, Xmax and Xmin are the maximum and minimum values 
respectively of the variable.  

3. RESULTS AND DISCUSSION 

3.1. Proximate composition 

The chemical composition of the Gmelina arborea is as tabulated in Table 1. The result indicated that the 
Gmelina arborea contained 61.22 % cellulose and 20.0 % lignin. These values are moderate and good for typical 

fiberboard making [21]. The cellulose is a measure of board yield and density while the lignin content acts like a binder 
between fibers in the adhesion process [22]. The value of the aqueous extractives, i.e. cold and hot water solubility, which 
represents the amount of tannins, gums, sugar, colouring matter and starches, is moderate and suitable. The level of fungi 
attack (1 % caustic soda solubility) is low and the ash content is tolerable and will not pose any problem in the production 
process.  

 

Table 1: Chemical composition of Gmelina arborea saw 
dust 

 

Parameter Amount (%) 

 

 

Ash 

 

5.04 

 

 

Lignin 

 

20.00 

 

 

Cellulose 

 

61.22 

 

 

1 % NaOH solubility 4.60 

 

 

Cold water solubility 2.05 

 

 

Hot water solubility 6.27 

  

3.2. Physical properties of the board 

The result of the thickness swelling and water absorption properties of the pulped and unpulped boards is given 
in Table 2. As observed from the table, the thickness swelling and water absorption was greatly affected by the soda 
pulping of the Gmelina arborea saw dust. The low saturated mass gain and the boards great improvement in their 
resistance to water is the major benefits of the pulping treatment. The boards made from unpulped samples absorbed 
more water significantly than the pulped samples. The percentage difference in the amount of water absorb was more 
than 90 %. Thus pulping reduces swelling and water absorption of the board. Apart from the hydrophilicity developed by 
the pulping treatment, the low thickness swelling and water absorption is also an indication of good fiber/matrix adhesion. 
Alkali treatment removes lignin and hemicellulose from the surface of natural fibers [23], thus making the pulp fibers to 
collapse and glue more tightly together. Thus, the amount of voids is reduced and internal swelling and water absorption is 
minimized [24].  

3.3. Mechanical properties of the board 

The values of the MOR and MOE of the unpulped board as shown in Table 3 were comparably higher than the 
board made from the pulped samples. This may be attributed to the pulping treatment. During pulping, lignin and part of 
the hemicelluloses that bind the fibers together were removed leading to reduction in rigidity and subsequent reduction in 
resistance to static bending. Loss in strength occurred during the  
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Table 2: Physical properties of the Gmelina arborea / LDPE boards 

 Variables 

 

WaterAbsorption (%) Thickness swelling (%) 

  

Unpulped 
sample 

Pulped 
sample 

% 
Difference 

Unpulped 
sample 

Pulped 
sample % Difference 

 

BD1 (1000Kg/m
3
) 1.17 0.056 95.26 0.22 0.09 56.62 

BD2 (1050Kg/m3) 0.75 0.039 94.83 0.15 0.10 33.83 

BD3 (1100Kg/m3) 0.80 0.052 93.48 0.14 0.10 26.85 

        MR1 (30/70) 1.27 0.057 95.52 0.17 0.10 41.15 

MR2 (35/65) 0.79 0.044 94.36 0.14 0.10 30.38 

MR3 (40/60) 0.67 0.046 93.22 0.19 0.09 50.82 

        PS1 (1.0 um) 0.59 0.027 95.51 0.16 0.09 42.13 

PS2 (1.5 um) 0.88 0.043 95.06 0.20 0.10 51.18 

PS3 (2.0 um) 1.25 0.077 93.89 0.14 0.10 28.19 

 

Table 3: Mechanical properties of the Gmelina arborea / LDPE boards 

Variables 

 

Modulus of Rupture (N/mm
2
) Modulus of Elasticity (N/mm

2
) 

  

Unpulped 
sample 

Pulped 
sample % Difference 

Unpulped 
sample 

Pulped 
sample % Difference 

 

BD1 (1000kg/m
3
) 0.36 0.240 33.33 81.11 46.80 42.30 

BD2 (1050kg/m
3
) 0.43 0.190 55.81 146.84 65.10 55.67 

BD3 (1100kg/m
3
) 0.54 0.260 51.85 112.91 55.94 50.46 

        MR1 (30/70) 0.39 0.200 48.72 90.40 43.27 52.13 

MR2 (35/65) 0.42 0.250 40.48 153.50 76.60 50.10 

MR3 (40/60) 0.51 0.250 50.98 97.00 47.96 50.56 

        PS1 (1.0 um) 0.52 0.300 42.31 130.91 63.68 51.36 

PS2 (1.5 um) 0.45 0.250 44.44 112.03 58.04 48.19 

PS3 (2.0 um) 0.35 0.140 60.00 97.92 46.12 52.90 

 

chemical and heat treatment of the Gmelina arborea saw dust. [25, 26]. Thus, the pulping treatment did not enhance the 
mechanical properties of the Gmelina arborea LDPE boards. 

3.4. SEM Analysis 

Analysis of the morphological features of fracture surfaces of the recycled LDPE / Gmelina arborea board taking 
at different magnification is shown in Figure 1. Scanning Electron Micrograph is important for observing the surface 
morphology of fiber/matrix. The result showed good adhesion of Gmelina saw dust with the LDPE matrix. 

3.5. The factorial design 

Experiments 1-15 of Tables 4 and 5 allowed the calculation of different parameters in the regression equations a i 
and aij.  These were subsequently subjected to a T - test to check their significance at 90% confidence level. The central 
point of the design corresponds to the following reaction conditions:  

Board Density, BD = 1050kg/m
3
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Mixing Ratio, MR = 60:40 

Particle Size, PS = 1.5 µm  

The coefficients of the model equations and the statistical parameters establishing their validity are summarized 
in Table 6 and 7 to the pulped and unpulped samples respectively. The dependent variables (i.e. thickness swelling, water 
absorption, modulus of rupture and elasticity) were related to the independent variables through the equations 3 – 10.  

 

 

 

 

 

Figure 5: SEM images of the LDPE bonded particle board at (a) x250 and (b) x500 magnification 

 

a) 

b) 
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Table 4: Experimental design and result for board made from pulped saw dust 

 

Experiment x1 x2 x3 WA TS MOR MOE 

 

BD MR PS (%) (%) N/mm
2
 N/mm

2
 

        1 1 1 1 0.108 0.09 0.21 42.84 

2 1 1 -1 0.102 0.01 0.37 59.49 

3 1 -1 1 0.105 0.09 0.09 24.63 

4 1 -1 -1 0.080 0.01 0.29 36.13 

5 -1 1 1 0.090 0.07 0.11 19.16 

6 -1 1 -1 0.070 0.01 0.31 52.43 

7 -1 -1 1 0.100 0.07 0.11 42.49 

8 -1 -1 -1 0.100 0.09 0.21 52.23 

9 1 0 0 0.102 0.04 0.24 48.22 

10 -1 0 0 0.102 0.03 0.21 84.36 

11 0 1 0 0.101 0.04 0.24 39.98 

12 0 -1 0 0.107 0.03 0.19 43.18 

13 0 0 1 0.095 0.04 0.21 98.42 

14 0 0 -1 0.070 0.01 0.21 104.62 

15 0 0 0 0.095 0.03 0.19 98.84 

 

 

Table 5: Experimental design and result for board made from unpulped saw dust 

        Experiment X1 X2 X3 WA TS MOR MOE 

 

BD MR PS (%) (%) N/mm
2
 N/mm

2
 

        1 1 1 1 1.66 0.15 0.63 96.26 

2 1 1 -1 0.20 0.17 0.74 123.38 

3 1 -1 1 1.31 0.10 0.21 65.74 

4 1 -1 -1 0.21 0.13 0.63 79.04 

5 -1 1 1 1.28 0.07 0.31 47.62 

6 -1 1 -1 0.26 0.23 0.42 84.52 

7 -1 -1 1 2.25 0.20 0.21 83.94 

8 -1 -1 -1 1.39 0.23 0.47 108.14 

9 1 0 0 0.65 0.13 0.47 93.41 

10 -1 0 0 0.97 0.19 0.42 132.22 

11 0 1 0 0.72 0.25 0.44 88.74 

12 0 -1 0 0.88 0.28 0.42 151.22 

13 0 0 1 1.62 0.12 0.43 188.49 

14 0 0 -1 0.60 0.09 0.42 262.99 

15 0 0 0 0.17 0.05 0.42 207.55 
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Table 6: Signicative regression parameters for board made from 
pulped Gmelina arborea saw dust 

       

  

TS WA MOR MOE 

 

 

 

a0 0.022 0.096 0.21 88.36 

 

 

a1 (-0.005) (0.003) (0.025) (-3.94) 

 

 

a2 (-0.007) (-0.002) 0.035 (1.52) 

 

 

a3 0.026 0.008 -0.066 (-7.74) 

 

 

a12 (0.01) 0.008 (0.012) (8.09) 

 

 

a13 0.017 (0.001) (-0.007) (1.86) 

 

 

a23 (0.01) (0.00) (-0.008) (-3.59) 

 

 

a11 (0.015) (0.05) (0.009) -19.45 

 

 

a22 (0.015) (0.07) (-0.001) -44.16 

 

 

a33 (0.00) (-0.014) (-0.006) 15.78 

   Values in parenthesis are not significant 

 

 

Table 7: Signicative regression parameters for board made from 
unpulped Gmelina arborea saw dust 

       

  

TS WA MOR MOE 

 

 

 

a0 0.64 0.146 0.423 192.4 

 

 

a1 -0.21 (-0.024) 0.085 (0.14) 

 

 

a2 -0.19 (-0.07) 0.06 (-4.76) 

 

 

a3 0.55 (-0.21) -0.089 (17.6) 

 

 

a12 0.31 (0.028) (0.06) (16.85) 

 

 

a13 (0.085) (0.017) (-0.02) (2.59) 

 

 

a23 (0.065) (-0.015) (0.057) (-3.32) 

 

 

a11 (0.058) (-0.01) (0.022) -75.78 

 

 

a22 (0.048) 0.095 (0.007) -68.62 

 

 

a33 0.36 (-0.065) (0.002) 37.14 

     Values in parenthesis are not significant 

 

Equations 3 to 6 were obtained for boards made from pulped samples while equations 7 to 10 were for the 
unpulped samples.  

313 017.0026.0022.0 XXXTS 
    (3) 

33313 014.0008.0008.0096.0 XXXXXWA   (4) 

32 066.0035.021.0 XXMOR                                 (5) 
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332221 78.1516.4445.1936.88 XXXXXXMOE      (6) 

3321321 36.031.055.019.021.064.0 XXXXXXXTS              (7) 

32095.0146.0 XXWA       (8) 

321 089.006.0085.0423.0 XXXMOR     (9) 

332221 14.3762.6878.754.192 XXXXXXMOE    (10) 

    

Values calculated from the respective polynomial equations above were plotted with the experimental results for the 
different response variables as shown in Figures 2-5.   

Equations (3) and (7) show the variations of thickness swelling with changes in the independent variables based 
on pulped and unpulped samples respectively. Equation (3) based on pulped samples showed that only the PS had 
significant influence on the thickness swelling. There were, however, significant variations between BD and PS. On the 
other hand, all the process variables have significant influence on thickness swelling, besides the significant interaction 
between BD and MR according to equation 7. While equation 3 failed to predict the thickness swelling to a reasonable 
degree of certainty, equation 7 predicted it with errors less than 10 % at 90 – 95 % confident level (Figure 2). The water 
absorption of the pulped Gmelina arborea board was predicted by equation 2 with errors less than 40 % while equation 8 

failed to do the same for the unpulped board sample (Figure 3). According to equation 2, water absorption depended 
majorly on the particle size and interaction between the particle size and board density. 

Equations 3 and 9 predicted the modulus of rupture for the pulped and unpulped board with errors less than 30 and 35 % 
respectively. The correlation graph is shown in Figure 4. Both equations showed that PS and MR had significant influence 
on the modulus of rupture of the boards. The modulus of elasticity was well predicted by equation 5 with errors less than 
22 % (Figure 5) and with significant effects from all the process variables. Equation 10 failed to predict the modulus of 
elasticity.  

The inability of some of the equations to predicts some properties of the board may be due to some 
inconsistencies in the conditions under which the experiment was carried out such as different relative humidity and the 
erratic power supply.  

 

     

 

Figure 2: Correlation between predicted and experimental values of thickness swelling of  

(a) pulped and (b) unpulped board 

a) 
b) 
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Figure 3: Correlation between predicted and experimental values of water absorption of (a) pulped and (b) 
unpulped board 

 

    

Figure 4: Correlation between predicted and experimental values of modulus of rupture of (a) pulped and (b) 
unpulped board 

 

    

Figure 5: Correlation between predicted and experimental values of modulus of elasticity of (a) pulped 
and (b) unpulped board 

a) 
b) 

a) 
b) 

a) 
b) 
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4. CONCLUSIONS 

Particle boards of size 250 mm x 250mm x 5 mm were made from soda pulped and unpulped 
Gmelina arborea using recycled LDPE as binder. The proximate composition of Gmelina arborea saw dust 
was suitable for the production of the particle boards. Boards made from unpulped samples absorbed more 
water significantly than the pulped samples. Thus pulping reduces swelling and water absorption of the board. 
The values of the modulus of rupture and elasticity of the unpulped board were comparably higher than those 
from the pulped samples.  The central composite factorial design predicted the thickness swelling of unpulped 
board with errors less than 10 % at 90 – 95 % confident level. 
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