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Abstract— This research was aimed at reducing and recycling waste paper and rice husk from our environment thereby 
reducing environmental pollution resulting from the management/disposal of these waste materials. In this research, some 
physical properties of composite ceiling board materials made from waste paper and rice husk, as developed at the Civil 
Engineering Laboratory of the Federal Polytechnic Idah, were investigated to determine their suitability for use in low-cost 
construction work. The results obtained showed that the flexural strength ranged between 0.03N/mm2 and 0.1N/mm2; 
modulus of elasticity of 1250N/mm2 to 1320N/mm2; water absorption values of between 7.5% and 14.5%; thermal 
conductivity values of between 0.07kW/MK and 0.082kW/MK as well as density values of 103kg/m3 and 201kg/m3 These 
values obtained were compared with those of the conventional ceiling boards and it was observed that these composite 
materials can be used for internal low-cost construction work. It is highly recommended that small and medium enterprises 
be encouraged to venture into waste recycling and the production of this composite ceiling materials to create jobs for skilled 
and unskilled labour that are locally available. 
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I. INTRODUCTION 
 
The word “waste” readily brings to mind any 
unwanted, unuseful item that has outlived its 
usefulness and needs to be disposed immediately not 
minding the effects of such disposal practices on the 
environment. Some of these waste products can 
however be recycled into new products that are more 
environmentally friendly that can equally add value 
to the economic development of any society. 
Waste paper and rice husk, which are the two basic 
raw materials for this research work, are considered 
as waste materials and the commonest disposal 
method is incineration with its attending effect on the 
environment.  
The main focus of this study is to further explore the 
potentials in the use of inexpensive and locally 
available waste materials in the production of low 
cost engineering/building materials that are 
environmentally friendly as well as enhance waste 
reduction. 
Reports have it that approximately 25 – 40% of 
municipal solid waste generated worldwide is made 
up of paper and paper products [1]. These papers are 
generated from households, offices, industrial and 
commercial centres. Similarly, nearly 140 million 
tons of rice husk are generated from the annual 700 
million tons of paddy rice harvest worldwide with its 
disposal posing a serious environmental problem [2, 
3]. In Nigeria, about 3 million tons of paddy rice is 
produced yearly giving rise to an annual rice husk 
generation of 600,000 tons [4]. The major disposal 
technique utilized for these waste paper and rice husk 
is burning (incineration) which results in serious 
air/environmental pollution. 
Many research work have been carried out in the area 
of recycling these waste paper and rice husk into low 
cost building materials, generating energy, as well as 

additives in other manufactured materials among 
other things  
In a study, waste paper was used in various mixing 
proportions with industrial wood particles to develop 
paper-particle boards using isocyanate as binding 
agent [5]. The result of this research work showed 
that boards containing waste paper exhibit excessive 
thickness swellings and should be restricted to 
interior use only. In a related research work, ceiling 
boards have been produced from rice husk with glue 
as the binder [6]. The results of this research showed 
that comparable economic boards can be made from 
rice husk as they can be made from other fibre 
materials.  
In a similar research work, rice straw-wood particle 
composite boards have been produced using UF resin 
adhesive as the binder and it was discovered that the 
composite boards with specific gravities of 0.4 – 0.6 
were found to be suitable as sound absorbing 
insulation materials in wooden construction [7]. 
The physical properties of ceiling boards produced 
from waste papers using cement as binder were 
studied and the results revealed that these boards had 
good hardness property, compressive strength low 
water absorption which makes them suitable for use 
in humid environment [8].  
In a recent development, Goodyear, a foremost 
manufacturer of tyres has indicated plan to use rice 
husk waste for the production of sustainable and fuel 
efficient tyres [9]. The company’s plan is to use the 
ash residues from burning rice husk to generate 
electricity as an environmentally friendly source of 
silica for use in tyre production.  
Different materials have been developed and used in 
the construction industry over the years in achieving 
complete construction projects. These developments 
transformed from the use of steel, timber, concrete, 
bitumen, polymers, etc to synthetic materials such as 
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glass fibre and carbon fibre reinforced composites 
[10]. However, these synthetic materials are used for 
high-tech construction and they are expensive as well. 
The present day challenges of deforestation, climate 
change etc has given birth to the use of renewable 
materials considered as waste materials such as rice 
husk, groundnut shells, waste paper, melon shells; etc 
in the production of low cost composites useful in the 
construction industry. 
This research work was embarked upon to determine 
the properties and suitability of this composite 
material in the production of ceiling boards for 
buildings using industrial starch as the binder. This in 
turn will manage these “waste” by way of recycling 
them into useful building materials. 

 
II. MATERIALS AND METHODS 
 
The raw materials for this composite material were 
obtained locally. The rice husk was obtained from the 
rice mill while the waste papers were obtained from 
the newspaper vendors. The waste papers were 
soaked in water for 24 hours after which they were 
removed from water and pounded into waste paper 
paste. The industrial starch was equally prepared 
using hot water in readiness for application as the 
binder in the research work. The rice husk, waste 
paper paste and the starch were mixed in the 
proportion shown in Table 1 with binder/composite 
ratio of 0.6 and cast in 400mm x 400mm x 40mm 
mould for water absorption, thermal conductivity 
tests as well as 75mm x 75mm x 450mm for flexural 
strength and MOE tests.   Four samples each were 
prepared for each test at the composite mix 
percentages and oven dried under a temperature of 
80°C for 24 hours.  
These test samples were removed from the mould and 
allowed to cool for 24 hours. The samples were then 
tested for water absorption, density, thermal 
conductivity, modulus of elasticity and flexural 
strength properties using standard procedures as 
described in [11, 12, 13 and 14]. Figure 1 shows the 
schematic of the laboratory production of the 
composite samples. The results obtained were 
analyzed using equations 1 to 4 set out below and the 
average values are as shown in Table 2.  
In computing the water absorption and the flexural 
strength of the composite material, equations 1 and 2 
respectively were used 

Where  ݉ଶ = weight of timber sample at test (kg) 

 
 

 
Figure 1: Schematic of the production process 

 
Table 1: Composite material mix proportion 
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III. RESULTS 
 

The results obtained from the research have been presented in Table 2 and Fig. 2 – Fig. 6

Table 2: Physical test results from the composite material 

 
 

Table 3: Some physical properties of other types of ceiling board materials 

 
Sources: www.triliteboard.com/triliteboard.php. 
  www.wv-construction.com/1_board_data_sheet.pdf. 
  Berge, H. (1963) cited in [15]. 
  Field/Laboratory work by the Author. 
 

Fig 2 : Water absorption vs composite mix ratio. 
 

Fig 3 : Thermal conductivity vs composite mix ratio
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Fig 4 : Flexural strength vs composite mix ratio 

 

 
Fig 5 : Density vs composite mix ratio 

 

 
Fig 6 : Modulus of Elasticity vs composite mix ratio 

 
IV. DISCUSSION OF RESULTS 
 
From Fig. 2, the water absorption capacity of the 
composite material varied between 7.5% and 14.5%; 
increasing with increase in waste paper (WP) content. 
The composite mix WP:RH of 40%:60% and 
60%:40% exhibited a relatively stable water 
absorption capacity for the composite material. The 
curve fitting shows a correlation of 96% which is a 
very good result. Furthermore, the composite 
exhibited a decreasing thermal conductivity with 
increasing WP content varying between 0.082kW/MK 
for 0%:100% WP/RH mix to 0.07kW/MK for 

100%:0% WP/RH which gave a curve fitting 
correlation of 96% which is equally a very good result 
(Fig.3). The density test showed that the density of the 
composite material exhibited a decreasing trend with 
increase in WP content ranging between 103kg/m3 
and 201kg/m3, with a curve fitting correlation of 99%. 
From the flexural strength test, a maximum of 0.1 
N/mm2 was achieved at 60%:40% WP/RH mix with a 
curve fitting correlation of 92% which is equally a 
very good result. Finally, the modulus of elasticity 
(MOE) of the composite material increased from 
1250N/mm2 (0%:100% WP/RH mix) to 1320N/mm2 
(60%:40% WP/RH mix) and then decreased to 
1312N/mm2 (100%:0% WP/RH mix) with a curve 
fitting correlation of 93%. 
The results obtained from this study showed that this 
composite material of  60%:40% WP/RH mix can 
give optimum performance and compares favourably 
with conventional ceiling materials (Table 3) as light 
weight/low density ceiling boards and can be used in 
low cost building work in sub-urban and rural areas in 
developing countries. 
 
CONCLUSION AND RECOMMENDATIONS 
 
This study concludes the fact that low cost composite 
ceiling boards can be made from agricultural waste 
materials (rice husk) and waste paper which are 
considered and treated as waste materials crying for 
disposal. This composite material compares 
favourably with other commercially available ceiling 
board materials. This study has equally shown that 
waste materials can be recycled into other materials 
which can still be useful to man thereby protecting the 
environment to an extent, from waste disposal 
challenges. 
It is highly recommended that production factories for 
composite ceiling boards be established as part of the 
entrepreneurship development programmes of our 
higher institutions creating jobs for both skilled and 
unskilled personnel in the midst of locally available 
raw materials.     Finally, research is ongoing in the 
production of more composite ceiling materials from 
recyclable waste materials with different binding 
material to compare their properties for low cost 
construction usage. 
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