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ABSTRACT 

This study was designed to examine the feasibility of recycling groundnut shells and oil palm 
leaflets into materials suitable for structural applications. Groundnut shell particles (GSP) and oil 
palm leaflet particles (OLP) were prepared and mixed at varying proportions (0, 25, 50, 75, and 
100 %) on dry weight basis to produce composite panels. The ratio by weight of the binder 
(topbond) to composite mix was 1:1. Three samples were producedper formulation, dried 
completely, and then subjected to various tests to determine their suitability for structural 
applications. The results showed that increase in the content of the OLP from 0 % to 100 % 
yielded average water absorption (61.85 - 86.83) %, thickness swelling (3.33 - 6.17) %, void 
fraction (4.51 - 9.22)  %, bulk density (598.9 -  502.8) kgm-3, thermal conductivity (0.2129 - 0.2004) 
Wm-1K-1, specific heat capacity (1475 – 1886) Jkg-1K-1, thermal diffusivity (2.410 - 2.113) 10-7m2s-1, 
heat penetration time (4.426 - 5.048) mins, flexural strength (1.454 - 1.312) N/mm2, and modulus 
of elasticity (218.8 - 196.5) N/mm2. Screwability and nailability were 100 % without alteration. It 
was revealed that the GSP-OLP panels developed in this study could be used as promising 
alternatives to plywood, asbestos, plaster of Paris which are known conventional ceilings applied 
for thermal insulation in building design. They could as well be applied internally as wall partition 
materials. Relying on the oil palm leaflets and groundnut shellsfor such undertaking could 
enhance low-cost building construction and at the same time mitigate the adverse effects 
associated with their disposal. 
Keywords: Bulk density, ceiling, flexural strength, thermal insulation, waste materials 

 

1. INTRODUCTION 

Valorization of recyclable wastes is a viable 
and result-oriented strategy that can ensure the 
availability of eco-friendly, high-performance, and 
low-cost materials for structural applications. In the 
housing sector, the use of such materials is highly 
competitive among builders and architects for 
mitigation of global warming effects, thus 
highlighting the positive impact of this innovative 
approach to sustainable building construction. Also, 
the competitiveness noticed in the use of 
recyclable wastes indicates the fact that items of 
high economic value are discarded unknowingly [1] 
and this encourages intensification of efforts 
towards optimal utilization of the wastes for 
beneficial purposes. 
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Conversion of certain agro-industrial wastes 
into boards suitable for use, particularly, as ceiling 
and for partition materials in building construction 
has been successfully demonstrated in recent 
researches. Some of such novel ceilings include 
composite panels based on sugarcane bagasse 
[2], oil palm mesocarpfiber [3], coconut shells with 
waste papers [4], and tiger nut with waste cartons 
[5]. Findings on them have shown that they are 
capable of outperforming conventional ceilings 
such as asbestos, polyvinyl chloride (PVC), 
plywood, Isorel, and plaster of Paris (POP) as far 
as the need for thermal comfort is a priority. 
Studies have also shown that composites produced 
from corncob and waste ceramic tiles [6], sawdust, 
corncob and rice husks [7], sawdust andcoconut 
fibers [8] are suitable for application as wall 
partition elements in building construction. As 
shelter (building) remains one of the basic needs of 
humans in the world, it is expected to be affordable 
and safe for use [9]. In this regard, one way of 
ensuring affordability and safety is through 
utilization of waste-derived products to carry out 
thermal insulation aspect of a building’s structural 
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design. For such task, the knowledge of the 
materials’ properties is very crucial while 
considering continuous construction opportunities. 
Since waste generation results from human activity 
and is certainly inevitable, this paradigm shift of 
focus via adoption of the 3 Rs (Reduce, Reuse, 
and Recycle) principle is a sure way to enhance 
sustainable development in any country [10]. 

Agriculture is a typical sector in which huge 

quantities of residues/wastes are generated 

(mostly during harvesting and processing 

operations). For example, harvesting of oil palm 

(Elaeisguineensis) fruits usually requires cutting of 

some of the palm fronds. A mature oil palm has 30 

to 50 fronds [10] and its economic lifespan in 

plantations takes 25 to 30 years with the fruits 

available year-around [12]. Each palm frond is 

about 7 m long and it consists of a petiole which is 

150 cm in length with a rachis bearing 250 to 350 

leaflets (pinnae) each of which may be about 130 

cm long [13]. As of 2019, the global oil palm 

plantation reached over 19.6 million hectares [14, 

15]. Among the wastes associated with oil palm 

business, the leaflets are usually left in the field. 

Groundnut (Arachishypogaea L.) is another crop 

with high volume of waste generation, especially 

the shells which are usually discarded as wastes 

during processing. According to the 2023 Statistics 

from the Food and Agriculture Organization (FAO), 

groundnut production in the world reached 50.46 

million metric tons, highlighting its significance as a 

major agricultural commodity. Sathiparan et al. [16] 

estimated annual worldwide quantity of groundnut 

shells to be 11 million metric tons. This enormous 

quantity of the bio-waste makes it remain under-

utilized despite its use for biodiesel production [17], 

carbon nano-sheet formation [18], dye degradation 

[19], and production of paper [20].It is observed 

that both the oil palm leaflets and groundnut shells 

have very high sustainability and are readily 

available. Unfortunately, they are prevalently 

subjected to open-air incineration as a way of their 

disposal. This practice, which is as a result of 

limited and ineffective solid waste management 

systems in less-developed and developing 

countries, is detrimental to the environment and 

public health [21, 22]. There is an urgent need to 

explore other safe options to mitigate the menace. 

Therefore, the aim of this research is to utilize 
groundnut shells with oil palm leaflets in the 
development of composite panels for structural 
applications in buildings.Raju and Kumarappa [23] 
investigated the tensile strength, tensile modulus, 
modulus of rupture, and impact strength of 
groundnut shells particle-reinforced epoxy 
composites. They found that the composite would 

be a substitute for wood-based material in many 
applications. Olamide et al. [24] characterized 
particleboards produced from groundnut shell and 
rice husk and found their modulus of elasticity and 
modulus of rupture to be 932.4 N/mm2and 3.50 
N/mm2 respectively, indicating that the particle 
boards met the American national Standard 
specification for general purpose particleboards. 
Jacob et al. [25] studied the effect of groundnut 
shell powder on the viscoelastic properties of 
recycled high density polyethylene composites. 
They observed that reinforcement with 25%wt 
groundnut shell powder yielded storage modulus of 
1158.47 MPa against 1033.58 MPa recorded by 
unreinforced composites. Ferrández-García et al. 
[26] trimmed the leaflets from fronds of different 
palm tree species, developed particleboards and 
then evaluated the density, thickness swelling, 
water absorption, thermal conductivity, modulus of 
rupture, and modulus elasticity of the particle 
boards. The results showed that the manufactured 
particleboard had similar performance to 
conventional wood particleboard and good thermal 
insulation properties.Nyior et al. [27] examined the 
mechanical properties of raffia fiber/groundnut shell 
reinforced epoxy hybrid composites and found 
maximum tensile strength, modulus of rupture, 
modulus of elasticity, and impact strength of 9.56 
MPa, 41.6 MPa, 4720 MPa, and 1.6 kJ/m2 
respectively. Considering these results, they 
concluded that the composite material could be 
alternatively used in automotive interior panels 
such as boot liner, side and door panels, rear 
storage shelf and roof cover.A study conducted by 
Mausam et al. [28] to examine the potentials of 
groundnut shell, sawdust, and hybrid bio-filler as 
reinforcement in epoxy matrix revealed that fiber 
treatment with Maleic acid was more effective in 
enhancing the flexural, tensile, and impact 
properties of the composite possibly due to 
synergetic impact in the treatment. Ekpenyong et 
al. [29] found that composite panels made from 
untreated and alkali-treated groundnut shells with 
cassava starch slurry as binding agent exhibited 
thermal conductivity, solar radiation absorptivity, 
and flexural strength of 0.1742 Wm-1K-1, 16.15 m-1, 
and 2.255 N/mm2. They concluded that such 
panels could outperform Isorel, asbestos, plaster of 
Paris,which are widely-used conventional ceilings 
in buildings 

In this research, relevant physical, thermal, and 
mechanical properties of the panels will be 
assessed in order to ascertain their suitability for 
the intended application. This paper will be the first 
to report on such scientific undertaking and it is 
hoped that findings from the research would be of 
immense benefits to researchers, waste managers, 
and manufacturers of building materials. 
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2. EXPERIMENTAL PART 

2.1. Materials 

Topbond (Model KW001 general purpose white 
glue having viscosity of 1600 cP), oil palm leaflets, 
and groundnut shells were among the materials 
used in this study. The topbond was procured from 
a building materials shop while both the oil palm 
leaflets and groundnut shells were gathered as 
waste materials. All the materials were sourced in 
large quantities within Uyo metropolis, AkwaIbom 
State, Nigeria. 

2.2. Processing and Analysis of the oil palm leaflets 
and groundnut shells 

The oil palm leaflets and groundnut shells were 

immersed separately in water to remove any 

accompanying dirts/impurities from them. After 10 

hours, they were removed from the water and 

exposed to sunlight, ensuring that their surfaces 

were dried before pulverizing them. Each 

pulverized material was sun-dried for several days 

until it became moisture-free. The material was 

then screened using a standard US sieve with 

openings measuring 2 mm in diameter, and the 

quantity that passed the sieve was utilized to 

prepare samples of the panel. Prior to the 

fabrication of the samples, the screened materials 

were coded for ease of identification. Also, their 

loose density was evaluated as the ratio of mass to 

untapped volume [30] and the chemical 

composition of each of them was determined by 

adopting gravimetric method [31].  

2.3. Preparation of the Samples 

The topbond was applied as the binder in all 
the formulations adopted in this research. Table 1 
shows the various mixes adopted to develop the 
test samples. In each case, the materials were 
proportioned by weight on dry basis, maintaining 
1:1 ratio of the material mix to the binder. Three 
identical samples were considered for each mix 
design and all of them were compacted 
simultaneously with the aid of a laboratory-made 
compacting machine maintained at 5 kN for 10 
hours. 

Table 1. Mixes of the processed materials 

Material Proportion (%) 

GSP 0.0 25.0 50.0 75.0 100.0 

OLP 100.0 75.0 50.0 25.0 0.0 

GSP = Groundnut shell particles;  

OLP = Oil palm leaflet particles 

 

Figure1. Samples preparation processes 

Groundnut shells Oil Palm leaflets

GSP
OLP

GSP - 100 %

OLP - 0 %
GSP - 75 %

OLP - 25 %

GSP - 50 %

OLP - 50 %
GSP - 0 %

OLP - 100 %
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For evaluation of the physical and thermal 
properties, the samples were prepared to diameter 
of 110 mm with thickness measuring 8 mm 
whereas the samples developed for assessment of 
mechanical properties were of dimensions 185 mm 
× 130 mm × 14 mm. Before the mixture was cast, 
the inner edges of the molds were properly covered 
with release agent (known as 8329-epoxy mold 
release) to ensure easy demolding. Drying of the 
samples was carried out under intense sunlight for 
several days until constant weight was achieved in 
each case, after which all the samples were 
subjected to the various tests intended for them in 
this study. Figure 1 summarizes some basic stages 
in the production of the samples. 

2.4. Testing of the Samples 

2.4.1. Physical properties 

The bulk volume of each sample was 
determined by modified water displacement 
method, employing waste candle wax as the 
coating material [32]. Using a digital weighing (S. 
METTLER – 600/0.1g), the sample’s mass was 
measured and then used in calculation of the 
sample’s bulk density based on equation (1)[3, 33] 

𝜌 =  
𝑀𝑠

𝑉
 (1) 

Where  𝜌 = bulk density, 𝑀𝑠 = mass of the sample 

under test, and 𝑉 = bulk volume of the sample. 

Assessment of the existence of voids in each 
sample was deemed necessary since the OLP and 
GSP are porous, particulate, and non-cohesive. In 
this research, void fraction of the samples was 
investigated with the aid of gas pycnometer (Model 
G-DenPyc 2900 GoldAPP Instrument) utilizing 
helium as described in [28]. The total volume of the 
void, 𝑉𝑎 was obtained and used alongside the 
sample’s volume, 𝑉 to compute the void fraction, 

𝑉𝑓using equation (2) 

𝑉𝑓 =  (
𝑉𝑎

𝑉
)  100 % (2) 

The test protocols documented in the ASTM 
D1037 [34] were applied to evaluate the water 
absorption and thickness swelling of the samples. 
In both cases, the samples were completely 
immersed in the water for 24 hours.All thickness 
measurements were performed by means of digital 
verniercalipers (0 -15 cm). Using the data gathered 
for the masses and thicknesses, the water 
absorption was computed based on equation (3) 
[2]. 

𝑊𝐴 = (
𝑀𝑓−𝑀𝑖

𝑀𝑖
)  100% (3) 

where 𝑊𝐴 = water absorption, 𝑀𝑖 = mass of the 

sample before the immersion, and 𝑀𝑓= mass of the 

sample after the immersion  

The thickness swelling was similarly 
determined by calculation using equation (4) 

𝑇𝑠 = (
𝑇𝑓−𝑇𝑖

𝑇𝑖
)  100%  (4) 

Where  𝑇𝑠 =sample’s thickness swelling, 𝑇𝑖 = 
thickness of the sample before the immersion, and 
𝑇𝑓 = thickness of the sample after the immersion. 

2.4.2. Thermal properties 

Each sample’s thermal conductivity coefficient 
was examined using Modified Lee-Charlton’s Disc 
Apparatus technique [35]. Figure 2 shows both the 
experimental and schematic features of the 
measurements setup as used in this research. The 
sample under test was inserted between the two 
identical discs and heat was supplied from the 
electric hotplate (Model E4102WH), ensuring that 
the thickness of the sample and that of the upper 
disc were properly lagged using cotton wool. When 
the steady state was reached, the temperatures of 
the two discs were noted. Then, the test sample 
was removed from the assembly and the upper 
disc was heated until its temperature rose to about 
10oC above the value obtained at the steady state. 
After that, the heating was discontinued and the 
heat source was removed alongside the lower disc. 
With the sample placed on the upper disc, the 
temperature - time data were taken while the disc 
was cooling until its temperature dropped to about 
10oC below the value obtained at the steady state. 
The data gathered were used to plot a cooling 
curve (a graph of cooling temperature against time) 
by employing Origin Software (Version 2019b) and 
then generate a model from which the required rate 
of cooling was determined using the principle of 
differentiation.From the various data gathered, the 
thermal conductivity was computed using equation 
(5) [36]. 

𝑘 =  (
𝑀𝑐𝑥

𝐴∆𝜃
)

𝑑𝑇

𝑑𝑡
 (5) 

Where 𝑘 = thermal conductivity, 𝑀 = mass of 
the disc,𝐴 = sample’s cross-sectional area, 𝑐 = 

specific heat capacity of the disc, 𝑥 = thickness of 

the sample, ∆𝜃 = difference in temperature 
between the cross-sectional surfaces of the 

sample, and 
𝑑𝑇

𝑑𝑡
 = rate of cooling of the disc. 

The samples’ specific heat capacity was 

determined by using mixture method of calorimetry 

[37]. In this study, copper calorimeter was 

employed with its stirrer as the measurement 

system. The calorimeter was filled with cold water 

to about two-third of its capacity, noting the mass of 

water and that of the calorimeter (with its stirrer). 

For the purpose of heating, a stainless steel was 

filled with dry sharp river-bed sand and the sample 

was embedded in the sand. 
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Figure 2. Setup for the thermal conductivity examination (a) Experimental (b) Schematic  

The sample was embedded in such a way that 
it did not make any direct contact with the 
container. As the container was being heated, the 
temperature of the sand was measured using a 
copper-constantan thermocouple. When the 
temperature remained unchanged for about five 
minutes, the sample was removed and quickly 
transferred by tongs into the water in the 
calorimeter. The mixture was stirred gently until it 
attained thermal balance. With the assumption of 
heat energy conservation [36], the specific heat 
capacity, 𝐶 of the investigated sample was 
obtained based on equation (6)  

𝐶 =  (
𝑄𝑐+𝑄𝑤

𝑀𝑏𝛿𝑇
) (6) 

Where Qc= quantity of heat gained by the 
calorimeter and its stirrer, Qw= quantity of heat 

gained by water in the calorimeter, 𝑀𝑏 = mass of 
the sample under test, and 𝛿𝑇 = change in 
temperature of the sample. 

The bulk density, thermal conductivity, and 
specific heat capacity already obtained were 
applied to calculate the corresponding thermal 
diffusivity, 𝜆 for the sample using equation (7) [3, 
38 – 40] 

𝜆 =  
𝑘

𝜌𝐶
 (7) 

More so, the heat penetration time, 𝑡 of each 
sample was obtained by calculation using equation 
(8) [41] 

𝑡 =  
𝑥2

𝜆
 (8) 

2.4.2. Mechanical properties 

Since the successful application of some 
thermal insulation panels require the use of screw 
to fasten them, investigation of screwability was 

considered a necessity in this study. The screw 
used in testing the samples was 4 mm thick and of 
length 40 mm with pitch of 2 mm. Assessment of 
the samples for screwabilitywas performed in 
accordance with the procedure used in [31], in 
which case the screw was driven through the 
thickness of the sample under test until either it 
penetrated successfully or severely damaged the 
sample before the process was discontinued. 
Then, the screwability was obtained by applying 
equation (9)  

𝑆𝑏 = (
𝐷

𝑥
)  100 % (9) 

where 𝑆𝑏 = screwability of the sample, 𝐷 = 

distance penetrated by the screw, and 𝑥 = 
thickness of the sample. 

Evaluation of the samples’ nailability was 
crucial in order to provide useful insights into the 
ability of each sample to withstand nailing during its 
application as a panel product. In performing this 
test on the samples, a carpenter’s hammer and a 
50mm nail were used [5]. As the nail was driven 
with hammer blow into each sample, the process 
was observed and stopped either after a successful 
penetration by the nailor when the sample 
developed a sign of visible crack. For a successful 
travel of the nail, the depth of nail penetration was 
same as the sample’s thickness. But if a sign of 
crack was noticed, the depth of the nail penetration 
was determined as the difference between the 
nail’s total length and the length of its remaining 
portion.The nailability was calculated using 
equation (10): 

𝑛𝑏  =  
ℎ

𝑥
 (10) 

Where 𝑛𝑏 = nailability of the sample, ℎ = depth 

of nail penetration, and 𝑥 = thickness of the 

sample. 

Sample

(a) (b)

Thermometer

Hotplate

Aluminium 
block

Retort stand 
with ring clamp

Thermometer

Thermometer

Hotplate

Cotton 

wool
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The flexural strength and modulus of elasticity 
of the samples were tested in accordance with the 
procedure stipulated in ASTM D790 [42]. For each 
schedule of the test, three-point bending technique 
was applied after the sample had been placed on 
the flexure assembly of a Computerised 
Electromechanical Universal Testing Machine 
(WDW-10) and then loaded at the center of the 
support span with a test speed of 1mm/min. The 
deflection of the sample was taken per load until 
the sample failed to withstand the stress. Then, the 
maximum load was noted and used with the span 
length,𝐿, width of the sample,𝑏, and sample’s 

thickness, 𝑥 to calculate the flexural strength using 
equation (11) 

𝜎 =
3𝑃𝐿

2𝑏𝑥2 (11) 

Where 𝜎 = flexural strength, and 𝑃 = maximum 
load that caused the sample to fail flexurally. 

Using the load and deflection data obtained, 
the flexural stress-deflection curve was produced 
and the slope of its linear portion was deduced for 
determination of the sample’s modulus of elasticity 
based on equation (12)[22] 

𝐸 =
𝐿3𝑆𝑔

4𝑏𝑥3 (12) 

Where 𝐸 = modulus of elasticity, and 𝑆𝑔= slope 

of the linear portion of the stress-deflection curve. 

3. RESULTS AND DISCUSSION 

3.1. Properties of the GSP and OLP 

Table 2 shows the properties of the processed 
materials (GSP and OLP) utilized in this study. It 

can be seen that the GSP has greater loose 
density value than the OLP. Specifically, the 
difference in their loose densities is about 23.3 % 
with respect to the value obtained for the OLP. 
Though the lignin fractions are approximately the 
same in both cases, the OLP contains more 
cellulose and hemicelluloses compared to the 
GSP. These values signify that, chemically, the 
GSP and OLP cannot exhibit the same behavior. 

Table 2. Properties of the GSP and OLP used 

Parameters  
Average value for five 

determinations 

Chemical composition: 

Cellulose (%) 

Hemicellulose (%) 

Lignin (%) 

GSP OLP 

36.92 43.58 

26.89 36.16 

19.58 19.65 

Loose density (kgm−3) 265.1 215.0 

3.2. Physical properties of the samples 

From Table 3, it is clear that water absorption 
of the samples increases as the proportion of the 
OLP increases. This can be attributed to the fact 
that the OLP contains more hydrophilic 
constituents (cellulose and hemicelluloses), 
thereby exhibiting greater water uptake capability 
than the GSP. Akinyemi et al. [43] reported water 
absorption of 121.06 % for composite boards 
developed from corn cob and sawdust for indoor 
uses in buildings. Taking that into consideration, 
the GSP-OLP panels could be applied internally in 
building construction. 

Table 3. Physical properties of the samples 

GSP:OLP (%) 𝑊𝐴 (%) 𝑇𝑠  (%) 𝑉𝑓 (%) 𝜌 (𝑘𝑔𝑚−3) 

100:0 61.58 ± 0.08 3.33 ± 0.02 4.51 ± 0.02 598.9 ± 0.8 

75:25 69.89 ± 0.06 3.72 ± 0.02 5.88 ± 0.02 570.6 ± 0.7 

50:50 70.29 ± 0.09 4.87 ± 0.04 7.19 ± 0.03 561.2 ± 0.6 

25:75 78.52 ± 0.08 5.79 ± 0.01 8.34 ± 0.02 512.9 ± 0.9 

0:100 86.83 ± 0.04 6.17 ± 0.02 9.22 ± 0.04 502.8 ± 0.8 

 

The thickness swelling of the samples relates 
positively with their water absorption. Shukla and 
Kamdem [44] observed a similar trend in their 
study on the properties of yellow-poplar 
(Liriodendron tulipifera) laminated veneer lumber. 
Also, some studies have revealed maximum 
thickness swelling of 19.34 %, 7.31 %, and 8.33 % 
for panels fabricated from pine tree bark [45], 
waste carton with Melon seed husks [22], and 
sugarcane bagasse with waste newspaper [2] 
respectively for structural applications. According to 
the European standard, the maximum thickness 
swelling values for 24-hour immersion stipulated for 

general purpose medium-density fiberboard with 
thickness of 6 mm to 9 mm for use in dry and under 
humid conditions are 17 % and 12 % respectively 
[46]. Based on these facts, all the GSP-OLP panel 
samples in this study have acceptable dimensional 
stability for interior applications even in moisture-
prone regions. 

Void fraction quantifies the empty spaces in the 
samples, providing insights into their pore 
geometry. The void fractions in this case show that 
the OLP has a greater tendency than the GSP to 
create voids in the resulting samples. Because of 
having lower loose density, continuous addition of 
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the OLP reduces the sample’s bulk density. 
Meanwhile, the OLP creates more voids filled by 
air, thus leading to reduction in the sample’s bulk 
density as its proportion increases. Increase in the 
content of the OLP from 0 % to 100 % decreases 
the bulk density of the samples by 16.0 %. 
Conventional ceilings such as plywood, asbestos, 
and plaster of Paris have bulk density of 598 kgm-3, 
1844 kgm-3, and 1487 kgm-3 respectively [31]. 
Comparatively, the highest bulk density obtained in 
this study is lower than the value for any of the 
mentioned ceilings. Thus, it can be deciphered that 
the samples could serve as promising substitutes 
to the conventional ceilings in building construction. 
Adoption of such undertaking is capable of 
reducing the dead loads, a situation that is highly 
desirable in buildings.  

3.3. Thermal properties of the samples 

The results showing heat transfer 
characteristics of the samples are presented in 
Table 4. It can be posited that decrease in thermal 
conductivity with increasing contents of the OLP is 
due to the possibility of the OLP to create more 
voids in the developed samples. Understandably, 
the voids are filled by air (which is a good thermal 
insulant), thus enabling the samples to restrict heat 
transmission the more as the OLP proportion 
increases. For building construction materials, 
thermal conductivity values are expected to range 
from 0.023 Wm-1K-1 to 2.900 Wm-1K-1 [47]. This 
means that the samples in this study are suitable 
for building design as far as efficient heat insulation 
is a necessary consideration for their application.  

Table 4. Thermal properties of the samples 

GSP:OLP (%) 𝑘 (𝑊𝑚−1𝐾−1) 𝐶  (103𝐽𝑘𝑔−1𝐾−1) 𝜆 (10−7𝑚2𝑠−1) 𝑡𝑝 (𝑚𝑖𝑛𝑠) 

100:0 0.2129 ± 0.0003 1.475 ± 0.002 2.410 ± 0.003 4.426 ± 0.005 

75:25 0.2101 ± 0.0002 1.592 ± 0.002 2.313 ± 0.004 4.612 ± 0.007 

50:50 0.2083 ± 0.0003 1.641 ± 0.003 2.262 ± 0.005 4.716 ± 0.011 

25:75 0.2026 ± 0.0002 1.768 ± 0.003 2.235 ± 0.001 4.773 ± 0.002 

0:100 0.2004 ± 0.0002 1.886 ± 0.002 2.113 ± 0.006 5.048 ± 0.004 

 

The specific heat capacity of the samples are 
greater than the value of 909.1 Jkg-1K-1 reported by 
Ezenwa et al. [48] for ceiling panels produced from 
breadfruit seed coat with low-density polyethylene 
as binder. By utilizing at least 75 % of the OLP, the 
specific heat capacity of the resulting samples 
exceeds the highest value of 1686 Jkg-1K-1 
obtained by Czajkowski et al. [49] for straw-based 
insulating panels recommended for building 

engineering. These observations signify that the 
samples have greater potentials for efficient 
thermal insulation. Figure 3 depicts how the 
specific heat capacity and thermal diffusivity of the 
samples vary with the percentage of the OLP used 
in the samples. It is evident from the figure that the 
specific heat capacity increases whereas thermal 
diffusivity decreases as the content of the OLP 
increases. 

 

Figure 3. Variation of specific heat capacity and thermal diffusivity with OLP proportion 
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Since thermal diffusivity depends on specific 
heat capacity, it can be understood that higher 
capacity for heat storage enables delay in the 
spread of the absorbed thermal energy thereby 
reducing thermal diffusivity. With this situation, 
thermal insulation efficiency of the samples is 
enhanced and one consequence of such 
enhancement is the elongation of heat penetration 
time of the samples. Meanwhile, as the specific 
heat capacity increases, the rate of heat diffusion 
within the samples is reduced thus requiring more 
time for the thermal disturbance to diffuse and 
propagate temperature from one side of the 
samples to the other. Based on the obtained 
results in this case, the heat penetration time 
increases by 14.1 % due to variation in the content 
of the OLP from 0 % to 100 %.  

The mechanical properties obtained for the 
samples are recorded in Table 5. Notwithstanding 
the mix design adopted in the study, the 
screwability and nailability of the samples remain 
100 %. This simply implies that, in the course of 
their application, the samples can be screwed or 
nailed successfully. It is interesting to note that 

voids increase with increasing proportions of the 
OLP in the samples. As such, the interfacial 
bonding between the constituent materials and 
binding agent is weakened as the percentage of 
the OLP increases, thus resulting to reduction in 
flexural strength of the samples.  

However, the least flexural strength value in 
this case exceeds the maximum value of 0.1 
N/mm2 reported by Isheni et al [50] for composite 
ceiling boards developed from arbitrary mixtures of 
rice hush, maize husk, and saw dust with top gum 
as binder. Perhaps, this is due to the degree of 
adhesion the roughness of the GSP and OLP 
surfaces allow in the adhesive (topbond). In the 
case of modulus of elasticity, the results indicate a 
progressive decline in the resistance against 
deformation force as the OLPcontent increases. 
This means that the adhesion efficiency is 
increased more with the GSP than OLP at their 
similar levels of utilization in the composite mixes. 
Based on the results of the mechanical tests in this 
study, it is obvious that the GSP-OLP panels can 
be applied as interior partition materials as well as 
insulation ceilings in building construction. 

 

Table 5. Mechanical properties of the samples 

GSP:OLP (%) 𝑆𝑐 (%) 𝑛𝑏  (%) 𝜎 (𝑁/𝑚𝑚2) 𝐸 (𝑁/𝑚𝑚2) 

100:0 100.0 ± 0.0 100.0 ± 0.0 1.454 ± 0.004 218.8 ± 0.3 

75:25 100.0 ± 0.0 100.0 ± 0.0 1.426 ± 0.003 212.3 ± 0.2 

50:50 100.0 ± 0.0 100.0 ± 0.0 1.374 ± 0.003 205.8 ± 0.2 

25:75 100.0 ± 0.0 100.0 ± 0.0 1.358 ± 0.002 200.9 ± 0.2 

0:100 100.0 ± 0.0 100.0 ± 0.0 1.312 ± 0.002 196.5 ± 0.3 

 

4. CONCLUSION 

The results of the investigations conducted in 
this study showed thatthe GSP-OLP panel samples 
recorded low bulk densities (502.8 kgm-3to598.9 
kgm-3) making them preferable to conventional 
ceilings like asbestos (1844 kgm-3) and plaster of 
Paris (1487 kgm-3) for reduction of dead loads in 
buildings. By using 100% GSP, the sample’s 
thickness swelling (3.33%) was found to be less 
than that of the counterpart OLP-sample (6.17%), 
showing that the GSP is better for promoting 
dimensional stability. At 100% level of the 
OLPutilization, the sample’s thermal conductivity 
was 5.87 % lower compared to the case with the 
GSP at similar loading level, thus indicating that the 
OLP is more potent in terms of improvement of 
thermal insulation efficiency in the samples.The 
GSP was found to be better than the OLP for 
promoting dimensional stability but less potent 
compared to the OLP in terms of improvement of 
thermal insulation efficiency in the samples. Due to 
their substantially high water absorption(ranging 
from 61.58% to 86.83%), the samples are suitable 

for interior application only either as ceilings or wall 
partition materials. A mix of 25 % GSP and 75 % 
OLP yielded composite panel with balanced 
property, giving rise to lightweight board that could 
reasonably reduce dead loads andalso possess 
enough strength to resist bending force during its 
service life. It could be adjudged that the GSP and 
OLP are suitable candidates for production of 
composite panels. 
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IZVOD 

PROCENA SVOJSTVA KOMPOZITNIH PLOČA NA BAZI RECIKLIRANOG 
PALMINOG ULJA I LJUSKE KIKIRIKIJA 

Ova studija je osmišljena da ispita izvodljivost recikliranja ljuske kikirikija i otpadakauljane palme u 
materijale pogodne za konstrukcijske primene. Čestice ljuske kikirikija (GSP) i čestice listova 
uljane palme (OLP) su pripremljene i pomešane u različitim proporcijama (0, 25, 50, 75 i 100 %) 
na osnovu suve težine da bi se dobile kompozitne ploče. Odnos mase veziva (topbond) prema 
kompozitnoj mešavini bio je 1:1. Proizvedena su tri uzorka po formulaciji, potpuno osušena, a 
zatim podvrgnuta različitim testovima da bi se utvrdila njihova pogodnost za strukturalne primene. 
Rezultati su pokazali da povećanje sadržaja OLP-a od 0 % do 100 % daje prosečnu apsorpciju 
vode (61, 85 - 86,83) %, debljinu bubrenja (3,33 - 6,17) %, udeo šupljina (4,51 - 9,22) %, toplotnu 
provodljivost 9 - 590 - 838. (0,2129-0,2004) Vm-1K-1, specifični toplotni kapacitet (1475–1886) 
Jkg1K-1, toplotna difuzivnost (2,410 - 2,113) 10-7 m2s-1, vreme prodiranja toplote (4,426 - 5,045 
min - 5,045 savijanja) N/mm2, i modul elastičnosti (218,8 - 196,5) N/mm2. Mogućnost uvrtanja i 
zakucavanja su 100% bez izmena. Otkriveno je da se GSP-OLP paneli razvijeni u ovoj studiji 
mogu koristiti kao obećavajuća alternativa šperploči, azbestu, gipsu iz Pariza koji su poznati 
konvencionalni plafoni koji se primenjuju za toplotnu izolaciju u projektovanju zgrada. Mogu se 
primeniti i unutra kao materijali za zidne pregrade. Oslanjanje na letke od uljane palme i ljuske 
kikirikija za takav poduhvat moglo bi poboljšati jeftinu izgradnju zgrada i istovremeno ublažiti 
štetne efekte povezane sa njihovim odlaganjem. 
Ključnereči: Zapreminska gustina, plafon, čvrstoća na savijanje, toplotna izolacija, otpadni 
materijali 
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