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A B S T R A CT  

Rice husk particles categorised as fine (size ≤ 0.6 mm), and coarse (0.6 mm ≤ size ≤ 1.8 mm) were mixed 

with a binder obtained by recycling expanded polystyrene waste, to formulate composites. Formulation 

was carried out using different particles to binder ratios as follows: 1:1, 1:1.5, 1:2). Fine particle composites 

were designated F1:1, F1:1.5 and F1:2, while the coarse particle composites were designated C1:1, C1:1.5 

and C1:2. The composites were casted, and some physical properties such as: dry/cure time in air (72±4 h 

- 168±6 h), density (0.48±0.04 g/dm3 – 2.75±0.08 g/dm3), water absorption (2.24±0.46 % - 58.91±1.11 

%) and thickness swelling (1.43±0.06 % – 22.65±1.23 %), flammability tests and SEM images of the 

composite panels obtained were evaluated. Results showed that: dry time and density increased, water 

absorption and thickness swelling decreased while flammability increased (ignition time decreased and 

propagation rate increased), as the amount of the recycled polystyrene binder was increased in the 

composites. Relative to particle size aggregate, coarse particle composites exhibits shorter drying time, 

lower density, higher water absorption and weaker flame retardation compared to the fine composites with 

corresponding ratios. 
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1 Introduction 

Solid wastes constitute a global challenge, and this 

is more severe in developing countries because of 

the rapidly increasing population growth, 

urbanization, industrialization and economic 

development [1]. Consequently, solid waste 

management will continue to be in the forefront of 

research and development.  

Rice husk (RH) is the tough protective coat on the 

rice gain which constitute abundant by-product 

from rice processing. It has been reported that 

about 0.23 tons of the RH are generated per ton of 

rice milled [2]. Hundreds of millions of tonnes of 

rice are globally processed every year, and about 

one fifth of these are RH obtained as waste. RH 

contains protein, lignin, cellulose, fat, silica (SiO2) 

and other minor nutrients, while its major 

elemental composition includes: carbon, oxygen 

and silicon [3]. RH has been channeled to many 

profitable applications. It has found extensive use 

in the production of composite materials with 

varieties of adhesives/binders based on its low bulk 

density (90–150 kg/m3), toughness, abrasion and 

resistance to weathering [4-5]. It has been 

transformed to organic fertilizer [6]. It has been 

used as substitute for fossil fuel in the generation 

of electricity, and in the production of other form 

of energy such as cellulosic ethanol [7]. RH power 

plants generate RH ash. The main component (83–

90 %) of the ash is amorphous silica, and current 

researches have used it in the production of silica 

gels, silicon chip, silica fertilizer, activated carbon 

and silica, supplementary cementitious material, 
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light weight construction and insulation materials, 

catalysts, zeolites, ingredients for lithium ion 

batteries, graphene, energy storage/capacitor, 

carbon capture, and in drug delivery vehicles [8-11]. 

Despite all these applications a large quantity of RH 

generated still ended up as waste, thereby 

constituting environmental problems. This 

situation is therefore emphasizing the need to 

constitute more sustainable applications of RH. 

Expanded polystyrene (EPS) is a closed cells 

structure containing 1.5-2% polystyrene and 98 - 

98.5% air. It is produced by expansion of 

polystyrene using hydrocarbon propellant or 

blowing agents such as; pentane, isopentane and 

butane [12-13]. They are voluminous materials 

largely used in packaging because of its low cost, 

excellent impact strength, acoustic isolation, light 

weight, easy processing, versatility, dimensional 

stability and clean nature [14-15]. After use, these 

materials constitute another category of solid waste 

which are typically dumped in landfills or burnt 

(without complying with environmental safety 

regulations), thereby creating environmental 

problems [1, 15-16]. EPS has been recycled based 

on technical, environmental and economic 

considerations, and reused in different in various 

ways such as in: wood plastic composite, concrete 

for the external facing of buildings with thermal 

insulation properties and to reduce the porosity and 

permeability of cement, fiber parts for filtration 

systems, the processing of virgin EPS, biodiesel 

production and the re-generation monomer by 

catalysis [1, 15, 17-18]. Despite these, EPS still 

constitute a large solid waste, and recent researches 

are still being focused on novel recycling and reuse 

techniques [19]. 

Composite panels or particleboards production is 

conservative, and they are increasingly substituted 

for wood in building, furniture and fitments. The 

rising preference for the use of particleboards can 

be related to the economic advantage of the low 

cost of wood raw material, inexpensive agents and 

simple processing [20]. About 95% of the 

lignocellulosic material used for particleboard 

production is wood. However, recent 

environmental concerns have widened the interest 

in manufacturing sustainable materials based on 

renewable resources other than wood: such as 

agricultural wastes including RH [20-21].  

In this study, EPS was dissolved to constitute the 

recycled polystyrene (RPS) used as the binder with 

RH particles of different size aggregation, in the 

formulation of composite material casted to dry 

and form a structural panel. Some physical 

properties and the flammability of the composite 

panel formed were also evaluated to preliminarily 

establish the potentials of the material. 

2 Materials and Method 

 Materials 

RH was obtained from local rice mill in Jimeta, 

Nigeria. EPS materials were collected from 

electronics packaging and petrol was purchased 

from local filling station in Jimeta, Nigeria. Sieves 

(1.8 mm and 0.6 mm) were obtained from Civil 

engineering workshop in the University, and the 

moulds were also fabricated from the workshop.  

 Formulation of RH/RPS composite 

panels 

RH (Figure 1a) was sorted to carefully remove dirt 

and other extraneous materials before it was dried 

in the oven at 100 °C for 3 h. Thereafter, it was 

pounded and first sieved through the 0.6 mm sieve. 

Sieving was stopped when the particles no more 

going through the sieve appreciably, the fine 

particles collected was kept in a polyethylene bag. 

RH was then transferred to the 1.8 mm sieve to 

collect the coarse particles which were kept in 

another polyethylene bag.  

Figure 1. (a) Rice husk and (b) expanded polystyrene 

(a) (b) 
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RPS binder was prepared by modifying the method 

reported by Osemeahon et al., [22] as follows: 50 g 

of EPS materials (Figure 1b) was immersed and 

starred to completely dissolve in 150 mL of petrol. 

Formulation of both fine and coarse RH particle 

composite was carried out as follows: a clean 150 

ml beaker was placed on a weighing balance and the 

instrument was zeroed. RPS was poured into the 

beaker and the weight was recorded. RH particles 

was also weighed to give specific RH:RPS ratio 1:1, 

before it was added to the RPS and mixed 

thoroughly using a metal rod till a homogenous 

mixture was attained (about 10 min). The 

procedure was repeated taking different weights of 

RPS to obtain composite with RH: RPS ratio 1:1.5 

and 1:2 (Table 1). A laboratory scale casting was 

carried out by pouring the mixture into an 

aluminum mould with dimension 7 cm x 2 cm x 

2cm, leveled and left to air dry to a structural panel.   

Table 1. RH/RPS composite formula 

Ratio RH (g) RPS (g) 

1:1 50 50 

1:1.5 50 75 

1:2 50 100 

 Determination of physical properties of 

formulated composite panels 

Drying was monitored by sticking a needle into the 

composite to test hardness, and checking the 

weight loss till constant weight was obtained. 

Density was determined by immersing a pre-

weighed (10 g) cleaned sample of composite panel 

completely into a 1000 cm3 capacity measuring 

cylinder partially filled with distilled water, and 

measuring the volume of water displaced, and 

Equation 1 was used in calculating density [23]. 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (
𝑔

𝑐𝑚

3
) =

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑
    

     (1) 

Water absorption determination was carried out by 

immersing a dried and weighed piece of composite 

panel (W0) in distilled water at 25 °C for a period of 

time: 2, 12, 24 and 48 h. After the designated time, 

the panel was removed and the surface droplet was 

wiped with a clean dry cotton cloth before it was 

weighed again (Wt). Percentage water absorption 

was calculated according to Equation 2. [24]. 

𝑊𝑎𝑡𝑒𝑟 𝑢𝑝𝑡𝑎𝑘𝑒 (%) =
𝑊𝑡−𝑊0

𝑊0
× 100 (2) 

To determine the thickness swelling of the panel, a 

2 cm x 2 cm x 2 cm dimension piece (H0 = 2 cm) 

was carefully cut out of a dried panel and soaked in 

distilled water at 25 °C for a period of time: 2, 12, 

24 and 48 h. After the designated time, the panel 

was removed and the height was measured again 

(Ht). Percentage swelling was calculated according 

to Equation 3 [23]. 

𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (%) =
𝐻𝑡−𝐻0

𝐻0
 × 100      (3) 

 Flammability tests 

A propagation distance (PD) mark was made at 5 

cm measured on a well casted panel, this was 

projected downwards, and the upper part of the 

panel was clamped horizontally onto the clip of a 

retort stand. The panel was ignited with the aid of 

a steady burning fire lighter from beneath. Time 

taken for the sample to ignite was recorded as the 

ignition time. Propagation rate was calculated from 

the propagation distance and propagation time 

(PT) taken to burn to the mark according to 

Equation 4. [25].   

Propagation rate (𝑚𝑚 𝑠⁄ ) =
𝑃𝐷

𝑃𝑇
 (4) 

The weight of the panel (Wp) and the weight of char 

(Wc) collected after the flame had completely burnt 

out by itself, were used in calculating percentage 

char formation according to Equation 5.  

𝐶ℎ𝑎𝑟 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 (%) =
𝑊𝑐

𝑊𝑝
× 100 (5) 

 Scanning electron microscopy (SEM) 

analysis 

SEM analysis was carried using Thermo Scientific 

Phenom ProX G6 desktop scanning electron 

microscope (SEM) at the Materials Analysis and 
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Research Laboratory of the Department of 

Chemical Engineering, Ahmadu Bello University, 

Zaria, Nigeria. 

 Statistical analysis 

All experiments were carried out in triplicates. 

Statistical Package for the Social Science (SPSS, 

Version 12.0, 2004, SPSS Inc., Chicago, IL, USA), 

was used in analyzing data, where it was subjected 

to one-way analysis of variance (ANOVA) and 

Duncan’s multiple comparison. 

3 Result and Discussion 

The pictorial presentation of pieces of the 

formulated composite panel is presented in Figure 

2. It was observed that the fine composite panels 

have smoother surfaces, while the increase in the 

amount of RPS used in the formulations increased 

the surface sheen of both fine and coarse 

composite panels. 

 

 

 

Figure 2. Pictorial presentation of a piece of RH/RPS composite panels (a) C1:1 (b) C1:1.5 (c) C1:2 (d) F1:1 

(e) F1:1.5 (f) F1:2 

Figure 3. Dry time of RH/RPS composite panels 

 Dry time 

The drying time of the composite panels is 

presented in Figure 3. Composite panel formulated 

with coarse RH and the least amount of RPS (C1:1) 

took 72±4 h to completely dry, and this was the 

fastest among others. F1:2 was the slowest drying 

composite panel (168±6 h). Drying time under 

atmospheric condition can be deduced to be 

directly proportional to the amount of RPS in the 

formulation. RPS dries via evaporation of the 

solvent (petrol) used. Since the rate of evaporation 

(a) 
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of the solvent is reduced in more compact particles 

(such as in fine particles boards), the fine composite 

panel may exhibit correspondingly longer drying 

time compared to the coarse composite panels. 

There was a general decrease in the weight of the 

panels obtained compared to the composite casted 

[26]. Air drying was carried out in the laboratory 

within temperature range 20 °C to 31 °C (at night 

and day respectively). Faster drying time may be 

achieved outdoors under direct sun [4, 27]. 

However, oven drying is not recommended to 

avoid ignition of hydrocarbon vapour.   

 Density 

The density of the composite panels formulated is 

presented in Figure 4. 

Figure 4. Density of RH/RPS composite panels 

The highest value was recorded for F1:2 (2.75±0.08 

g/cm3), while the lowest was recorded for C1:1 

(0.48±0.04 g/cm3). Increase in the amount of 

binder in composite panels increased density as 

similarly reported by Ciannamea et al., [21] and 

Ajikashile et al., [28]. However, density is more 

dependent on the particle sizes. Composites with 

fine particles of RH exhibits higher densities 

compared to coarse particle composite with 

corresponding formulation ratios. This is due to 

compact packing of more fine particles, hence 

aggregating to a larger mass within a specific 

volume compared to the coarse particle. The 

densities of the coarse particle composite panels fall 

within the Indonesia National standard range 0.5 – 

0.9 g/cm3 [29]. Density has significance influence 

on the mechanical properties of particleboards: 

therefore, high density obtained for the fine particle 

composite panels may indicate strength and 

durability [30]. 

 Water absorption 

Water absorption can be advantageous in some 

materials e.g. hydrogels [31]; however, it is defective 

in other materials such as particle/composite 

panels [32]. Figure 5 shows the water absorption of 

the RH/RPS composite panel. Increase in RPS 

amount in the composite panels generally lowers 

water absorption. This is due to increase in 

hydrophobicity impacted by RPS, and the 

reduction in water affinity impacted by RH [33]. 

Coarse composite panels samples exhibited higher 

overall rate and equilibrium water absorption 

compared to their ratio correspondent fine 

composite panels i.e. C1:1˃F1:1; C1:1.5˃F1:1.5; 

C1:2˃F1:2. This can be attributed to the availability 

of more void spaces in the coarse particle 

composites due to less compact aggregation 

compared to the fine particles [34]. C1:1 in 

exception exhibited lower equilibrium water 

absorption (47.15% after 12 hours), compared to 

F1:1 (58.91% after 24 hours), and this could be 

attributed to water access to a higher mass of a 

compact aggregate of hydrophilic RH particles with 

large surface area. The range for water absorption 

obtained in this study (2.24±0.46 % – 

58.91±1.11%), are of merits compared to the 20 % 

- 75 % range by FAO [35].  

 
Figure 5. Water absorption of RH/RPS composite 

panels 
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 Thickness swelling 

Swelling was measured as an effect of water 

absorbed into the mass of the composite panels. 

When water or other compactible liquids are 

absorbed by components of a material, increase in 

their sizes may occur, which may result in aggregate 

increase in size of the material. Liquid trapped in 

void spaces in materials are usually insignificant to 

swelling. As shown in Figure 6, fine particle 

composite panel with the least amount of RPS 

(F1:1) exhibits the highest and most rapid swelling. 

This can be attributed to two factors; (1) lower 

amount of RPS, which allows more water access to 

RH particles; (2) the large surface area of the fine 

particle, which allows high rate of water absorption 

and maximum swelling. The least swelling was 

recorded for samples with the highest amount of 

RPS [28]. Higher amounts of RPS in these materials 

result in the restricted water access to the 

hydrophilic RH particles, especially in the cores of 

the composite panels. At 2 h of immersion, all 

composite panel sample satisfied ˂ 12 % standard 

[29]. At 12 h of immersion, all composite panels 

except F1:1 satisfied the standard, while at 24 h and 

beyond, only F1:2 and C1:2 satisfied the standard. 

 
Figure 6. Thickness swelling of RH/RPS 

composite panels 

 Flammability Test 

Some flame properties of the formulated 

composite panels were presented. Figure 7 presents 

the ignition time of the composite panels. Ignition 

time decreased as the amount of RPS was increased 

in both coarse and fine particle composite panels. 

Since RH has been classified as ‘not easily ignitable” 

[36], RPS is the component increasing the ease of 

composite panel ignition. Comparing fine and 

coarse particle composite panels with 

corresponding formulation ratios, ignition is 

slightly slower with the fine particle composite 

panels. This can be attributed to the fine particle 

compactness which slightly impact flame 

retardation. Figure 8 presents the rate of flame 

propagation on the composite panels. Flame 

propagation also increased with the amount of RPS 

in the formulations: however, coarse particle 

composites consistently exhibit higher rates than 

the fine particle composites with corresponding 

ratios. This can be attributed to higher amount of 

void spaces (due to loose packing of larger 

particles), trapping air that enhance the propagation 

of the flame. Figure 9 present the amount of char 

formed as a percentage mass of the composites. 

There were no significant differences in char 

formation due to particle sizes, because same 

amount of char was formed from same mass of RH 

incorporated into the composite panels regardless 

of the sizes. Also, there was no significant 

difference in char formation due to the amount of 

RPS incorporated into the composite panels 

because: significant mass of the RPS vaporised on 

flame, leaving an insignificant mass in the remnant 

char. 

 
Figure 7. Flame ignition time of RH/RPS 

composite panels 
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Figure 8. Flame propagation rate of RH/RPS 

composite panels 

 
Figure 9. Char formation from RH/RPS 

composite panels 

 SEM 

SEM images of the surfaces of the composite 

panels are presented in Figure 10. The whitish 

portions indicates RPS rich segments, dark grey 

portions indicates segments with homogeneous 

RH/RPS mixture, while the black spots indicates 

void spaces on the surfaces of the composites. 

Figure 11a (C1:1), 11b (C1:1.5) and 11c (C1:2) 

showed that the coarse RH particles are not 

uniformly distributed in the composite. As the 

amount of RPS was increased, the RPS rich 

segment was more established, thereby showing 

two distinct segments on the composite panels 

formed. The coarse particle composite panel also 

exhibits larger void spaces. Figure 11d (F1:1), 11e 

(F1:1.5) and 11f (F1:2) showed better distribution 

of the fine particles in the composite panels. The 

distribution of the particles also improves as the 

amount of RPS was increased: thereby, showing 

more homogenous surface. Void spaces on these 

composites are smaller and fewer. 

 

 

Figure 10. SEM images of RH/RPS composite panels (a) C1:1, (b) C1:1.5, (c) C1:2, (d) F1:1, (e) F1:1.5 (f) F1:2 
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4 Conclusion 

Composite panels were produced from RH 

particles and EPS which are both considered as 

wastes. In the simple and low cost procedure used, 

different amounts of the binder (RPS) and two RH 

particle size aggregates categorized as fine (particle 

size ≤ 0.6 mm), and coarse (0.6 mm ≤ particle size 

≤ 1.8 mm) were involved in the formulation of the 

composites. Results obtained showed that the 

amounts of RPS binder in the composite as well as 

the different particle size aggregations influenced 

the properties of the composite panels produced. 

Some results obtained can be favorably compared 

with standard values, and this indicated the good 

potentials of the composite panel produced. 

5 Declarations 

 Study Limitations 

The study is limited to some basic physical 

properties of the composite panel. Further studies 

will dive deeper into the mechanical studies. 
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