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Abstract 
The need to reduce plastic waste and sustain the environment, preserve 

forest resources and provide useful building and construction materials to 

replace wood is ever in the increase. The aim of this research is to 

determine the effect of mix ratios of maize cob and light density polythene 

(LDPE) on the mechanical strength of particleboards. This is with a view 

of recycling waste materials for application in various areas of building 

construction and other domestic uses, because most of the particleboards 

used in Nigeria are imported. The boards were produced with parameters 

and variables like pressing time, pressure, mixing and process 

temperatures, board thickness and maize cob particle size constant, while 

their mix ratios varied. Mix ratios evaluated are 90:10; 80:20; 70:30; 60:40 

and 50:50, of maize cobs: LDPE, measured by weight percentages (wt %) 

and numerated as mix ratios 1 to 5. Their production would cut down; 

burning of LDPE, which will reduce the emission of Nitrogen and Sulphur 

oxides from LDPE into the atmosphere and drastically reduce the waste 

which is grossly abundant in the environment. The boards were produced 

under BS EN 312: 1996 (type P2) and ISO 15270:2008(en) and tested for 

tensile and bending strengths under BS EN 319: 1993 and BS EN 310: 1993, 

respectively. The outcomes meet conditions for use as formworks in 

building construction, furniture-making and wall partitions /panelling, 

where light weight construction is required. 
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Introduction 
Knowledge of the strength of a 

material is a requirement in the 

building industry which establishes 

the limit to which the material can be 

applied to withstand tension, bending, 

resistance to wear and so on 

(Constructor, 2017). The aim of this 

research is to produce particleboards 

from maize cob and polythene 

particles that will replace wooden 

products in light, non-structural 

construction like in formwork, 

furniture-making and wall panelling. 

The suitability of agricultural wood-

based materials for use in 

particleboard production has already 

been researched by many other 

authors, based on residues prepared by 

different techniques and types of 

binders/resins. Such resins include 

urea–formaldehyde, (Sekaluvu et al., 

2014; Ayiminis et. al., 2012), poly-

propylene: (Zaini et. al., 2006 Muslim 

et al., 2015), polyester fibre: (Peng et 

al., 2014), tannin-formaldehyde: 

(Teixeira et al., 2009), castor oil: 

(Valarelli et al., 2014), arabic gum: 

(Hussaini and Zubairu 1997), foaming 

cassava starch: (Monteiro et al., 

2016), tannin obtained from plants: 

(Mgbemena et al., 2014; Elbadawi, et. 

al. 2015). This research is using one of 

the rare binder / resins; LDPE, which 

is readily available, Thompson et al., 

(2009) and at hand even at the nearest 

refuse dump. Recycling yields 

cheaper products because of the 

abundance of their components in the 

environment, which removes the 

energy required to process the goods 

from “virgin” raw materials 

(Berglund, 2003; Morris, 2008; 

Ugoamadi and Ibesiulor, 2011). 

LDPE is stable to work with at room 

and processing temperatures. Among 

the plastics, it has the lowest melting 

point of 1150 C, D and M Plastics 

(2012) and hence the lowest 

processing temperature (Reinforced 

Thermoplastic Company, 2015). This 

gives it the advantage to easily flow 

and infuse the filler in its composition. 

LDPE is resistant to chemical and 

fungal attacks. Policies that promote 

the ban, charges and taxation of use of 

polythene, because of its nuisances in 

the environment, have been recorded 

in sixteen countries of the world 

between 1988 and 2008 (bigfatbags, 

2015). These triggered off mass 

unemployment and greater 

dependence on wood-based bags and 

wrappers which result in forest and 

ozone layer depletion and climate 

change. Reduction in the quantity of 

LDPE, in the environment, is 
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therefore commendable because it saves forest resources.  

 

MATERIALS AND METHODS 

MATERIALS    

The materials used in this research are recovered waste maize (Zea Mays) cobs 

and LDPE (Plates I and II). 

Maize Cobs. 

The maize cobs were obtained at post- harvest season, in the month of 

November, from Ahmadu Bello University (ABU), Shika Farm, Zaria at 

atmospheric temperature of 350C.  They were washed to remove unwanted 

debris and further dried naturally under sunshine (see Plate I).  

      
Plate I: Maize Cobs                                    Plate II: Waste LDPE 

 

LDPE 

These are discarded sachet water bags (LDPE), in Plate II, collected from waste 

bins and premises of “pure/sachet water” producers. 

 

Research Instruments. 

Workshop equipment used in this research include hammer mill, Xiang Chang 

shredding machine, DT 60 electronic scale, RELIABLE Twin Roller 

compounding machine, mild steel moulds, Carver compression, moulding and 

pressing machine and guillotines. Laboratory instruments used in the research 

are Montanso Tensometer, Callipers, Micrometer Screw Gauge and recording 

materials.  

 

Methods. 

Research Design. 

Particleboards were produced using the research design in Table 1, with the 

intention to produce boards that are porous; water resistant; and lightweight, by 
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virtue of the various mix ratios. These properties will be met in five (5) 

experimental mix ratios carried out respectively from maize cob: LDPE weight 

percentages (wt. %) of 90:10 to 50: 50, numerated as mix ratios 1 to mix ratio 

5. A low pressure of 3 mega Pascals (MPa), was chosen with the expectation of 

making the samples as porous as possible (because initial concept of the 

research was to apply the particleboards as sound absorbers), without 

compromising their binding forces. The compounding (mixing) temperature, of 

1150C to 1200 was used, bearing in mind the melting point of LDPE (D and M 

Plastics, 2012). This ensured that the polythene flows and mixes well with the 

maize cob particles. 

 

Table 1: Research Design and Processing Specifications  

Variables / Mix Ratio Numbers 1 2 3 4 5 

Percentage Maize Cob Particles (gm) 90 80 70 60 50 

Percentage of LDPE Particles (gm) 10 20 30 40 50 

Pressing Time 10 minutes 

Pressing Pressure  3 MPa (kN/ mm2) 

Formation Process By Extrusion 

Mixing Temperature Between 1150C and 1200C 

Process / Compression Temperature Between 1200C and 1500C 

Particleboard Thickness 3mm 

Particleboard size 260mm x 210mm x 3mm. 

Particle-size 2.4 to 3 mm   

 

The compression / process temperature, was increased to 150 0C to heat the 

maize cob/LDPE mixture and allow infusion of maize cob particles by the 

LDPE, before the maize cob reaches its charring temperature of 170 0C as 

reported by Khumichel 2016.  The three (3) millimetre thickness of samples 

was an experimental dimension. A particle size of 2.4 to 3.0 miliimetres was 

chosen based on the recommendation of Freepatents, 2004-2007, that 

production of boards from powdered natural plant particles of up to 3.0 

millimetres and thermoplastics binders, should not contain more than 50% of 

thermoplastic by weight. The research chose the high particle-size, expecting to 

improve the porosity and texture of the particleboards with reduced LDPE 

content, since smaller particles would mean more compactness of the particles 

by the LDPE. 
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Samples Preparation. 

Selected maize cobs were washed, sun-dried, hammer-milled into particles and 

sieved to between 2.4 - 3.0 millimetre sizes. Sieves were arranged serially in a 

descending order of fineness and shaken to retain the research size. Discarded 

sachet water bags (LDPE) were collected from waste bins, washed, dried and 

shredded, in accordance with ISO 15270 (2008en). Prepared materials were 

stored at workshop temperature of between 280 and 300 C. 

 

          
Plate III: Pulverised Maize Cob          Plate IV: Washed LDPE                      Plate V: Shredded LDPE    

 

The maize cob particles and shredded LDPE were weighed out separately in wt. 

%, according to Table 1, in combined weights of 100 grammes (gm), to 

correspond with mix ratio combinations. The LDPE was properly compounded 

in a RELIABLE Twin Roll machine between 1150C to 1200C and the maize cob 

particles added till well mixed. Each mix was then allowed to cool and then 

transferred into mild steel moulds. It was then extruded in a Carver machine by 

compression, moulding and pressure for 10 minutes, at a pressure of 3 MPa and 

temperature of between 1200 C and 1500 C.   

After curing for seventy-two (72) hours, boards were trimmed to 250mm x 

200mm sizes, using a guillotine and stored in shelves at room temperature of 

between 280 C and 300 C. Samples of produced particleboards, using the mix 

ratios are shown in Plates VI to X. 

 

             
Plate VI. Board Produced                 Plate VII. Board Produced               Plate VIII: Board Produced  

Using Mix Ratio 1                                  Using Mix Ratio 2                            Using Mix Ratio 3 
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Plate IX: Board Produced                   Plate X. Board Produced  

Using Mix Ratio 4                                Using Mix Ratio 5 

 

LABORATORY TESTS 

Tensile Strength Tests 

The particleboards samples produced were sawn into test specimens as 

described in BS EN 319: 1993; for tensile strength using the formula; 

Ultimate tensile strength (UTS) N/mm2 

=      maximum load                             ……………………………..equation 1 

area 

                                                             

             M                                           

             A                                       ……………………………..equation 2 

 

where M is the maximum load applied at breaking point and A is the area of 

sample under test. 

 

The test was conducted using the Montanso Tensometer, in accordance to BS 

EN 319: (1993). Three dumb-bell shaped specimens were tested from each 

sample for tensile strength. Dimensions used are 100mm x 15mm x 2.7mm. 

Each specimen was clamped to the Tensometer, which is self-aligning and self-

tightening, with a griping surface. Loads were applied mechanically from the 

machine and the tensile strength calculated from results obtained from each test. 

The maximum load to failure and area were recorded. The data was used to 

calculate the ultimate tensile strength (UTS), elongation and percentage 

elongation.     
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Bending Strength Tests. 

The tests were carried out according to the provisions in BS EN 310 (1993), for 

the bending strength using the Tensometer and the formula: 

Bending stress (Ϭb)= My 

   I                              ……………..………………….. Equation 3 

 

where M = maximum bending moment; y = perpendicular distance to the 

neutral axis and     

                      I = moment of the area. 

 

Three specimens of 90mm x 30mm x 2.7 mm, were tested on rollers spaced 

twenty (20) times the thickness of the specimen. Increasing load was applied to 

the centre of the span by the testing machine until the samples were deformed. 

 

RESULTS AND DISCUSSIONS     

Tensile strengths   

Tensile and bending strengths tests were conducted in accordance with BS EN 

319 of 1993. The outcome of the tests are recorded in Table 2 and Figure 4.1.                                                         

Table 4.1:  Tensile Strength Calculations of Mix Ratios 1 to Mix Ratio 5; (90 

:10) to (50: 50) of Maize Cob: LDPE from Averages of their Results 

 Attribute Sample 1 Sample 2  Sample 3   Sample 4 Sample 5 Average 

 Maximum Load 

(N) 

59.33 73.67 89.33 131.66 128 96.40 

 Area (mm2) 51.92 40.22 36.28 44.6 23.78 39.36 

 Ultimate Tensile 

Strength (UTS) 

 (N/mm2) 

1.18 1.81 2.46 2.96 5.425 2.77 

 Elongation (New 

length-Original 

 Length) mm 

 

3.26 4.5 4.02 5.2 5.6  

4.52 

 Percentage 

Elongation 

8.16% 11.25% 10.67% 13% 14% 14.30 

 

Bending strengths 

The results of laboratory tests of bending strengths of mix ratios 1 to 5 was done 

in accordance with BS EN 310 of 1993. The results are presented in Table 4:2 

while the graphical representation of the results is recorded in Figure 4.1.    
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Table 4.2:   Bending Strength Calculations of Mix Ratios 1 to 5:  (90 :10) to (50 

: 50) of Maize Cob : LDPE taken from Averages of Three Mix Ratios. 
Attribute Sample 

1 
Sample 
2 

Sample 
3 

Sample 
4 

Sample 
5 

Maximum Bending Load (N) 27 30 32 30 48 

Gauge Length (mm)   70 70 70 70 40 

Area (mm2) 133.83 127.52 125.86 117.75 77.1 

Moment of Area  (I) 

(bxd3/12)(mm4) 

b=breadth 

d=depth  

220.88 190.78 185 158.29. 44.74 

Perpendicular distance to the neutral axis (y) 

y=d/2mm 

2.25 2.11 2.1 1.96 1.32 

Maximum Bending Moment (Nmm), =wl/4; w= 

bending load; 

l=length of beam 

412.5 525 650 525 480 

Bending Stress (Ϭb) 

Ϭb=My/I  (N/mm2) 

4.21 5.84 6.35 8.71 14.28 

            

 
Figure 4.1: Tensile and Bending Strengths of Mix Ratios 
 

Table 4.3:   Comparison of Tensile and Bending Strengths a of Mix Ratios with 

Standard 3mm Particleboards.             

Attribute / Mix Ratio  1  2 3 4  5           Standard     

        particleboard 

Thickness (3mm) 

Tensile Strength 1.18 1.81 2.46 2.96 5.425 7.37 

Bending Stress  4.21 5.84 6.35 8.71 14.28 8.13 

Source: McNatt and Myers, 2003. 
 

Discussion 

The tensile tests were carried out in accordance with BS EN 319 of 1993 

standards while the bending strength was conducted under BS EN 310 of 1993 
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standards. Research found out that tensile and bending strengths increased with 

the introduction of more LDPE into the mix ratios. Tensile strength increased 

from 1.18 N/mm2 in mix ratio 1 to 5.4 N/mm2 in mix ratio 5 in (Table 4:1) and 

Figure 4.1), while bending strength increased from 4.2 N/mm2 in mix ratio 1 to 

14.2 N/mm2 in mix ratio 5 in Table 4:2 and (Figure 4.1). Compared with a 

standard 3mm hardboard, in Table 4.3, mix ratio 5 has tensile and bending 

strengths of 5.43 N/mm2 and 14.28 N/mm2 respectively, against 7.35N/mm2 and 

8.13N/mm2 of the 3mm standard hardboard.  

 

CONCLUSION 

The research provides renewable materials that can reduce the strain on forest 

resources and form an excellent replacement for wood and wood based 

composite materials, for non-structural applications. It provides competitive 

materials which are environmentally friendly and reduce the use of other costly, 

synthetic adhesives and their ill effects. The results of the research confirm that 

particleboard can be produced from agro-waste and that the boards have the 

qualities of both maize cob and LDPE imparted into the particleboards as they 

influence the various parameters of the research. The production of the 

particleboards from mix ratios one to five, gave a series of boards with various 

tensile and bending properties from which architects, builders and engineers can 

choose from. 
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