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Abstract 

Plaster of Paris (POP) has choice preference 

over other ceiling materials. However, reliance 

on it cannot guarantee low-cost housing 

development nowadays due to incessant rise in 

its price. Also, Lagenaria breviflora rind is 

usually produced in large quantity as waste and 

prevalently disposed of by indiscriminate 

dumping or burning, a practice that poses a 

serious threat to the environment. Thus, this 

study was designed to assess the feasibility of 

solving the above identified problems by 

utilising Lagenaria breviflora rind particle 

(LRP) as filler for development of cost-

effective and thermally-safe composite plaster 

of Paris (POP) ceilings for building design.  
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Using hand lay-up technique, samples in which 

the LRP was used to replace POP at various 

volumetric levels (0, 10, 16.5, 20, and 28.5 %) 

were fabricated in triplicates per formulation.  

After they had been sun-dried completely, their 

thermophysical and mechanical properties were 

investigated experimentally. The results 

showed changes in the samples’ water 

absorption (24.13 – 34.99) %, bulk density 

(1.224 – 0.933) x 10 
3 

kgm
-3

, thermal 

conductivity (0.2746 – 0.2007) Wm
-1

K
-1

, 

specific heat capacity (1.407 – 2.246) x 10
3
 Jkg

-

1
K

-1
, thermal diffusivity (1.594 – 0.958) x 10

-8
 

m
2
s

-1
, abrasion (0.953 – 1.341) %, and flexural 

strength (2.749 – 1.311) N/mm
2
 as proportion 

of the LRP in them increased. It was also 

noticed that thermal insulation tendency of the 

samples improved with increasing fractions of 

the LRP used. Comparatively, the samples 

exhibited better performance ability than 

conventional ceilings like Isorel and asbestos, 

thus portraying LRP to be a promising modifier 

for POP ceiling. Hence, in addition to solving 

the disposal problem, recycling the Lagenaria 

breviflora rind as described in this research 
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could ensure availability of inexpensive and 

thermally-safe POP ceilings for building 

design. 

Keywords: Abrasion; Bulk density; Flexural 

strength; Thermal diffusivity; Thermal 

insulation; Waste material 

1.0 Introduction 

Nowadays, thermal comfort has become a 

legitimate concern to humans due to 

tremendous adverse effects of global warming 

on environment. Etuk et al. (2016) asserted that 

global warming is a consequence of human 

activities and looking for comfort of 

environment is imperative. Under this 

consideration, shelter (house/building) is not 

left out because it is one of the basic necessities 

of life. Notably, ceiling is an important 

requirement for thermal insulation in buildings 

when considering the possibility of heat to enter 

a room from the roof. Various types of panels 

usually applied as ceilings have been identified 

to include polyvinyl chloride (PVC), plywood, 

plaster of Paris (POP), and asbestos (Gesa et 

al., 2014). Though POP ceiling has several 

advantages for selection over others, relying on 

it can hinder progress in attempt to ensure low-

cost housing development as a result of 

incessant rise in its price (Robert et al., 2021a). 

This is worrisome considering the fact that 

provisions in Goal II of the United Nations 

Agenda for Sustainable Development 

emphasize increased access to safe, sufficient, 

and inexpensive housing for the world’s 

poorest people living in slums by the year 2030 

(Ojoko et al., 2016). 

In the literature, few reported studies have 

shown that inclusion of certain waste materials 

as fillers in POP matrix could yield composite 

POP ceilings capable of performing 

satisfactorily. For instance, improvement in 

thermal insulation efficiency could be achieved 

by utilising rice husk ash (Ochang et al., 2018), 

wood shavings (Pedreño-Rojas et al., 2017), 

groundnut seed coat and waste newspaper paste 

(Robert et al., 2020a). Similar performance 

tendency is possible by using rice husk and 

wheat straw (Ejaz et al., 2022) as well as wool 

and coir fibres (Guna et al., 2021). More so, 

incorporation of cigarette butts as filler can 

enhance better mechanical behaviour of the 

resulting POP ceiling (Mórales-Segura et al., 

2020). According to Fantilli et al. (2021), wool 

fibres improve mechanical performance better 

than hemp fibres if used as fillers to develop 

POP ceilings. Since waste materials are cheaply 

available, it is obvious that several such panels 

can be produced from a small amount of POP 

powder thereby reducing the cost and at the 

same time ensure improved thermal comfort in 

buildings.  

The aim of this research is to assess the 

feasibility of solving the above-identified 

problems by utilising Lagenaria breviflora rind 

particle as filler for development of cost-

effective and thermally-safe composite plaster 

of Paris (POP) ceilings for building design. 

Lagenaria breviflora (Benth.) Roberty is a 

perennial climber that belongs to cucubritaceae 

and is found in Central, East, and West Africa. 

Its name in English is wild colocynth. Local 

names of the plant in Hausa are gojin jima and 

gunar jiímaà. The fruit is widely used in 

folkore medicine especially as herbal remedy 

for treatment of human measles and digestive 

disorders. Livestock farmers utilise it for 

coccidiosis and Newcastle treatment in poultry 

and the fruit is perhaps also used in bating-bath 

to prepare skin to receive the tanning material 

(Adedapo et al., 2013). The stem, when broken, 

has an unpleasant smell and a decoction from it 

is said to be used in Nigeria for headache 

(Karaye et al., 2021). Adedeji et al. (2017a) 

experimented on the fruit extracts against wood 

rotting fungi on Vitex doniana wood and found 

that they could form a strong potential source 

of natural antifungals for industrial wood 

production. The main chemical constituents in 
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the fruit extracts include phenols, triterpenoids, 

alkaloids, saponins, tannins, anthraquinine, 

flavonoids, and terpenoids, which are vital 

instrumentalities that can be optimised for 

wood protection against fungi and termites 

(Adedeji et al., 2017b). Observably, the rind is 

usually produced in large quantity and 

prevalently disposed of by indiscriminate 

dumping (or burning if allowed to dry). Like in 

the cases with other solid wastes, this practice 

poses a serious threat to the environment 

(Ekpenyong et al., 2022; Umanah et al., 2022) 

and thus warrants recycling the rinds into 

sustainable construction materials as a viable 

solution (Ekong et al., 2022; Robert et al., 

2022a). Thermophysical and mechanical 

properties of the new materials will be assessed 

in order to determine the potential of the waste 

in question since materials with high economic 

worth can be thrown away in trash cans (Etuk 

et al., 2020a). 

2.0 Materials and Methods 

2.1 Materials description and collection 

Lagenaria breviflora rinds and plaster of Paris 

(POP) were the main materials utilised in this 

work. The POP was collected from a building 

construction site. Both materials were sourced 

in large quantities within Mkpat Enin Local 

Government Area, Akwa Ibom State, Nigeria.  

2.2 Processing of the Lagenaria breviflora 

rinds 

The rinds were washed thoroughly using clean 

tap water. This was done to remove dirts and 

other forms of impurities from them. After that, 

they were sun-dried completely in air. The 

dried rinds were pulverised and sieved to obtain 

particles of sizes not larger than 2.0 mm for use 

in the study. The sieved material was coded 

LRP. Figure 1 shows the appearance of the 

material. 

             

 
Fig. 1: Appearance of the sieved LRP 

2.3 Analysis of the materials 

The POP and LRP were divided into two large 

portions each. Using one portion per material, 

Sieve analysis was performed (Robert et al., 

2021b) to determine the particle size 

distribution of the LRP. Also, repose angle was 

evaluated for the POP and LRP using fixed 

funnel method with some modifications as 

described by Robert et al., (2022b) and their 

loose bulk density was determined as the ratio 

of mass to untapped volume. Again, chemical 

composition analysis of the LRP was 

performed based on Technical Association of 

Pulp and Paper Industry (TAPPI) Standards as 

applied in other researches (Johar et al., 2012; 

Bano and Negi, 2017).  
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2.4  Samples preparation 

The remaining portions of the materials were 

utilised for fabrication of samples. Table 1 

shows the mix design adopted for samples 

preparation in this study.                                                    

Proportioning of the LRP and POP was by 

volume method. In all the cases, the volumetric 

ratio of water to composite mix was maintained 

at 1:3. For each formulation, samples were 

prepared in triplicates and subjected to 

complete sun-drying.  

 

 

Table 1: Research mix design 

Materials Mix proportions (%) 

LRP 0.0 10.0 16.5 20.0 28.5 

POP 100.0 90.0 83.5 80.0 71.5 

 

Those meant for evaluation of themophysical 

properties were developed in circular moulds 

measuring 110 mm in diameter with thickness 

of 7 mm. For determination of mechanical 

properties, the samples were prepared using 

moulds of dimensions 150 mm x 115 mm x 14 

mm. All the samples were subjected the tests 

intended for them. 

2.5 Properties investigation 

2.5.1 Bulk density and Water absorption 

For bulk density evaluation, the bulk volume of 

each sample was obtained by using modified 

water displacement method (Robert et al., 

2019). With the aid of a digital balance (S. 

METTLER – 600 g), the corresponding mass 

was measured and the bulk density,   was 

computed based on the relation (George et al., 

2010; Etuk et al., 2020b; Okorie et al., 2020; 

Robert et al., 2020b): 

   
  

 
    1 

where    = mass of the sample, and   = bulk 

volume of the sample. Water absorption was 

determined in accordance with the procedure 

used by Etuk et al. (2023) for 24 – hour 

immersion. The masses before and after 

immersion were noted for each sample and the 

data obtained were used to compute water 

absorption based on the equation Robert et al., 

2022b) 

     
     

  
        2 

where    = water absorption,    = mass of 

the sample before immersion, and    = mass of 

the sample after immersion.  

2.5.2 Thermal conductivity 

By employing Modified Lee – Charlton’s Disc 

Apparatus technique, thermal conductivity was 

determined for each sample (Robert et al., 

2021c). In this study, the experimental set-up 

consisted of an electric hotplate (Model PHP – 

402), ring clamp with stand, two thermometers, 

Lee – Charlton’s discs made of nickel, a 

cylindrical block made of aluminium, and thick 

cotton wool (for lagging purpose), and other 

components as described in details in (Robert et 

al., 2022b). Modelling of cooling rate functions 

were implemented by means of Origin 

Software (Version 2019) and the required 

thermal conductivity was obtained using the 

formula: 

    
   

   
 
  

  
                   3 

where   = thermal conductivity of the sample, 

  = mass of the disc,   = specific heat capacity 

of the disc,   = thickness of the sample,   = 
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area of the sample’s cross-section,         = 

temperature difference between the sample’s 

cross-sectional surfaces at steady state, and  
  

  
 

= rate of cooling of the disc. 

2.5.3 Specific heat capacity and Thermal 

diffusivity 

SEUR’S apparatus was employed for 

determination of specific heat capacity                    

(Etuk et al., 2020c). The system consisted of 

square plates of aluminium and plywood each 

60 mm x 60 mm x 8 mm. Temperature 

monitoring/measurement was performed by 

means of digital thermometers (Model No. 305, 

calibrated and equipped with type-K probe). 

When the system attained thermal balance 

during heat exchange, the quantity,    of heat 

gained by the plywood plate and the amount, 

   of heat lost by the aluminium plate were 

calculated. Using the data obtained, the specific 

heat capacity   was found using the equation                     

(Etuk et al., 2022a): 

    
      

    
             4 

where    = quantity of heat lost by the 

aluminum plate,    = quantity of heat gained 

by the plywood,    = mass of the sample,    = 

rise in temperature of sample.  

The values of bulk density, thermal 

conductivity, and specific heat capacity 

obtained for each sample were applied to 

determine the corresponding thermal 

diffusivity,   in accordance with the formula 

(Etuk et al., 2021; Robert et al., 2021d; Etuk et 

al., 2022b): 

   
 

  
       5 

2.5.4 Abrasion  

This test was necessary for prediction of the 

durability of a material that can undergo tear 

and wear when being worked on. In this work, 

both faces of each sample were cleaned using a 

lint free cloth. The mass was also noted before 

a very hard shoe brush (on which 1 kg weight 

was attached) was used to make 70 cycles of 

back-and-forth movements against each face of 

the samples. Both sides of the flaked samples 

were cleaned. The mass of the flaking was 

determined in each case as the difference 

between the masses of a sample before and 

after performing the abrasion test on it. Using 

the data obtained, the susceptibility to abrasion 

was computed based on the relation (Robert et 

al., 2020a): 

    
  

  
         6 

where   = abrasion,    = mass of the sample 

before being flaked, and    = mass of the 

flaking. 

2.5.5 Flexural strength  

Using a Computerised Electromechanical 

Universal Testing Machine (WDW – 10) in 

three-point bending configuration, the flexural 

strength of each sample was examined as 

outlined in ASTM C367/367M (2022).  A 

sample was inserted as a beam on the 

machine’s flexure assembly and loaded at its 

middle. When fracture occurred, the maximum 

load,   applied, sample’s width,   and span 

length,   were noted and utilised in the 

computation of flexural strength,   adopting the 

formula (Robert et al., 2021e):  

   
   

      
   7 

The tests were carried out at room temperature 

with ± 1.0 
o
C variations.  

2.6 Statistical consideration 

Using the values obtained for the representative 

samples per formulation, the mean and standard 

error were determined for each property 

investigated. The final results obtained were 

tabulated. 

3.0 Results and Discussion 

The results of tests performed on the LRP are 

presented in Table 2. It is observed that the 
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LRP has a smaller repose angle value compared 

to the POP. Since repose angles correlate 

inversely with materials’ particle sizes (Lu et 

al., 2015), it can be inferred in this case that the 

POP particles are finer than those of the LRP. 

The repose angle values also signify that 

cohesivity is greater in the POP than the LRP. 

Considering the fact that repose angle values of 

30 
o
 to  35 

o
 signify good flowability and those 

ranging from 41 
o
 to 45 

o
 are interpreted to 

mean passable flow property (European 

Pharmacopoeia, 2010), it is appropriate to 

adjudge that both materials have flow 

characteristics suitable for manufacturing 

purpose as considered in this research. 

 
Table 2: Results of each analysis performed on the processed materials 

Materials Values for three determinations of the parameters assessed 

Chemical composition (%) Repose angle 

(
o
) 

Loose density 

        Cellulose Hemicelluloses Lignin 

LRP    17.79 ± 0.04     13.81 ± 0.02 8.78 ± 0.01 35.30 ± 0.02 362.4  ± 0.2 

POP - - - 43.85 ± 0.01 750.5 ± 0.1 

 

Figure 2 reveals that sizes of the LRP are not 

uniform. About 100 %, 6.8 %, and 0.32 % of 

them measure 2 mm, 0.3 mm, and 0.075 mm 

respectively in size. The LRP has mean loose 

density value of 51.72 % less than that of POP. 

This clearly shows that the LRP can yield a 

composite panel with reduced weight if a 

remarkable volume of it is used to develop 

ceiling with the POP. From assessment of 

chemical constituents, the LRP contains more 

cellulose than lignin thus signifying that it has 

high affinity for water uptake. 
 

 
Fig. 2: Particle size distribution of the LRP 

Consequently, water absorption of the samples 

increases as the proportion of LRP increases in 

them as presented in Table 3. That is to say, the 

samples become more hydrophilic as the LRP 

loading increases. At 10 % LRP content level, 

approximately the same water absorption (30 

%) was reported by Robert et al. (2021a) for 

POP ceiling fabricated with 25 % fraction of 

untreated wood dust. From the results, it can be 

deduced that utilisation of LRP at 10, 16.5, 20, 
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and 28.5 % volumetric replacement levels 

decreases mean bulk density of the resulting 

panels by 7.92, 13.48, 18.46, and 23.38 % 

respectively. Considering density of 1810 kgm
-

3
 reported for asbestos ceiling board (Oyekunle 

et al., 2018), the studied samples are less dense 

than it. Since application of light-weight 

materials is a practical way of reducing dead 

loads in buildings, inclusion of the LRP could 

enhance choice preference in building designs.  

All the thermal conductivity values obtained for 

the samples fall within the recommended range 

given as 0.023 to 2.900 Wm
-1

K
-1

 for heat-

insulating and construction materials    (Rajput, 

2015). Conventional heat insulation ceilings 

like Isorel and asbestos have thermal 

conductivity of 0.4498 Wm
-1

K
-1

 (Gesa et al., 

2014) and 0.319 Wm
-1

K
-1

 (Twidell and Weir, 

1990) respectively. It can therefore be remarked 

that heat transmission restriction from building 

roof could be enhanced more efficiently by 

applying the samples developed in this work 

compared to the case of installing either Isorel 

or asbestos.  

Figure 3 shows that bulk density and thermal 

conductivity of the samples trend inversely 

with proportion of the LRP used. That is to say, 

for POP ceilings, weight reduction with 

improved heat-restricting ability is possible by 

modifying it using the LRP. The case of density 

is simply because LRP is lighter than POP as 

earlier remarked. In the case of thermal 

conductivity, it could be understood that 

introduction of the LRP into POP matrix 

increases voids (interstices/pores) which 

constitute air space. Etuk et al. (2023) posited 

that void spaces are due to presence of 

interstices in a sample and the volume of air 

enclosed within any given sample is a function 

of pore sizes as well as the number of pores in 

the sample. Now that the samples in this study 

are completely dry and air is a good thermal 

insulant, the ability of the samples to restrict 

heat correlates positively with the volume of air 

in them. This, in turn, causes their thermal 

conductivity to exhibit an inverse relationship 

with volume fraction of the LRP utilised.  

Specific heat capacity is another thermal 

property that characterises the behaviour of a 

material. It is observed in this research that 

LRP gradually improves specific heat capacity 

of the samples as its utilised fraction increases. 

A similar trend was observed by                

Ochang et al. (2018) concerning POP ceilings 

produced with fractions of rice husk ash 

(RHA). At 10 % and 20 % levels, the use of 

RHA yielded increment in specific heat 

capacity by 5.93 % and 8.76 % respectively. In 

this study, LRP inclusion at similar levels (that 

is, 10 % and 20 %) improves specific heat 

capacity by about 18.12 % and 55.15 % 

respectively. Notably, the process variables in 

these separate researches were unaltered. Thus, 

the improvements noticed in specific heat 

capacity of the samples are mainly due to RHA 

or LRP utilised as the case may be. It is 

therefore appropriate to submit that prior to 

change in temperature of a kilogramme mass by 

one Kelvin; the LRP has potential to ensure 

better heat-storing capability that RHA if used 

for manufacturing of composite POP ceilings. 

In comparison with ceilings developed from 

waste materials, the use of LRP at 10 % level 

yields mean specific heat capacity (1662 Jkg
-

1
K

-1
) that shows a good agreement with 

1636.971 Jkg
-1

K
-1

 reported by Okorie et al. 

(2020) for composite ceilings developed from 

waste carton paste and 25.6 % tiger nut fibre 

content with cassava starch slurry as binder.  

Another good comparison is the mean specific 

heat capacity value (2183 Jkg
-1

K
-1

) obtained by 

utilising the LRP at 20 % level in the light of 

2140.930 Jkg
-1

K
-1

 reported by Etuk et al. 

(2021) for compressed sugarcane leaf ceiling 

board. Decrease in thermal diffusivity, as 

observed, is feasible because although thermal 

conductivity and bulk density exhibit direct 

relationships, specific heat capacity shows 
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inverse trend with increasing percentages of the 

LRP.  

 

This means that LRP fraction is capable of 

reducing the speed at which thermal 

disturbance diffuses within the samples and 

propagates temperature from one side to the 

other across the thickness. Arguing on the basis 

of heat transfer through the samples, it is 

obvious that as LRP proportion increases, 

thermal resistivity (reciprocal of thermal 

conductivity) increases thereby leading to 

enhanced opposition to heat transmission 

through them. During such process, specific 

heat capacity increases and brings about 

reduction in heat diffusion tendency thereby 

leading to delay in temperature change. With 

that, it becomes possible for the diffusion of 

any absorbed heat to be slowed down resulting 

to decrease in thermal diffusivity of the 

resulting sample. The resistances to wear by 

friction are expressed by abrasion test results. 

For the samples, the values obtained range from 

(0.953 ± 0.004) % to (1.341 ± 0.004) % due to 

utilisation of 0 % to 28.5 % of the LRP for their 

fabrication. In this case, the highest mean 

abrasion is less compared to 2.0 x 10
-2

 (which 

is 2.0 %) reported by Berge (1963) for asbestos 

ceiling. This means that if subjected to abrasion 

under same conditions in service, the samples 

would appear more durable than asbestos. In 

the case of flexural strength, the mean values 

obtained by increasing the fraction of LRP 

beyond 10 % are less than the maximum value 

of 1.97 N/mm
2
 reported by Oladele and Okoro 

(2015) for composite ceiling sheet made from 

rattan particulate fibre, starch slurry, and waste 

newsprint paper pulp. However, the least mean 

value obtained (1.311 N/mm
2
) is 31.1 % greater 

compared to the value of 1.00 N/mm
2
 reported 

(Berge, 1963) for asbestos ceiling.  

It can be observed in figure 4 that increase in 

proportion of the LRP brings about increase in 

susceptibility to abrasion but decrease in 

flexural strength of the samples. Plausibly, this 

may be due to the fact that the since the filler 

(LRP) is refractory in nature, its inclusion 
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weakens the mechanical interlocking and 

consequently reduces cohesiveness within the 

POP matrix. Eventually, this promotes 

decrement both in abrasion resistance and 

flexural strength with increasing fraction of the 

LRP.  
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Fig. 3: Variation of bulk density and thermal conductivity with LRP loading 
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Fig. 4: Variation of abrasion and flexural strength with LRP loading 

Conclusion 

From the results of the experiments 

conducted on the fabricated samples in this 

research, it was observed that water 

absorption increased with increase in 

volumetric proportion of LRP in the samples. 

Utilisation of the LRP improved thermal 

insulation efficiency of the resulting 
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samples. LRP was found to be lighter than 

POP and as such, can reduce the weight of 

the resulting ceiling significantly depending 

on the proportion of it that is utilised. 

Though a better performance could be 

achieved when compared to cases reported in 

the literature for some ceiling sheets, 

increasing content of the LRP resulted to 

increase in susceptibility to abrasion and 

decrease in flexural strength of the samples. 

Generally, the LRP exhibited desirable 

potentials for use as filler to modify POP for 

building design. Thus, putting Lagenaria 

breviflora rind into production cycle for 

development of composite POP ceilings is a 

practical way of solving its disposal problem 

and also ensuring availability of thermally-

safe and  cheap ceilings for low-cost building 

construction/ housing development. 

References 

Adedapo, A., Adewuyi, T., Sofidiya, M., 

(2013). Photochemistry, antinflam-

matory and analgesic activities of the 

aqueous leaf extract of Lagenaria 

breviflora (Cucurbitaceae) in laboratory 

animals. Revista de Biologia Tropical, 

1(1), 281 – 290, https://doi.org/10.-

15517/RBT.V61I1.11127 

Adedeji, G.A., Eguakun, F.S., Elufloye, 

T.O., Uriel, T., (2017). Antifungal 

activity of Lagenaria breviflora fruit 

extracts against Wood rotting fungi on 

Vitex doniana wood,  Journal of 

Forest and Environmental Science, 

33(4), 322 – 329, https://doi.org/-

10.7747/JFES.2017.33.4.322 

ASTM C367/367M (2022). Standard Test 

Methods for Strength Properties of 

Prefabricated Architectural Acoustical 

Tile or Lay-In Ceiling Panels, ASTM 

International, West Conshohocken, PA. 

Bano, S., Negi, Y.S., (2017). Studies on 

cellulose nano crystals isolated from 

groundnut shells. Carbohydrate 

Polymers, 157, 1041– 1049, 

https://dx.doi.org/10.1016/j.carbpol.2

016.10.069 

Berge, H., (1963). Asbestos Fundamentals, 

Origin and Properties. McGraw-Hill, 

London, p. 56  

Ekong, S.A., Oyegoke, D. A., Edema, A.A., 

Robert, U.W., (2022). Density and 

water  absorption coefficient of 

sandcrete blocks produced with waste 

paper ash as partial  replacement of 

cement, Advances in Materials 

Science, 22(4), 85 – 97, https://doi.-

org/10.2478/adms-2022-0021 

Ekpenyong, N.E., Umoren, G.P., Udo, I.E., 

Yawo, O.J., (2022). Assessment of 

 Thermophysical and Mechanical 

Properties of Composite Panels 

Fabricated from Untreated and 

Treated Coconut Husk Particles for 

Structural Application. Brilliant 

 Engineering, 2, 1 - 5, https://doi.-

org/10.36937/ben.2022.4547 

Etuk, S.E., Ikot, A.N., George, N.J., Ekpe, 

S.D., Nathaniel, E.U., (2016). 

Comparative  Study of Thermal 

Conductivity Values of Different 

Percentage Compositions of  Ground 

Arachis hypogea (Groundnut) Husk 

and Vigna unguiculata (Beans) Husk 

 Compressed fibreboards. Journal of 

Thermal Science and Engineering 

Applications,  8(2), 1 – 4 

Etuk, S.E., Robert, U.W., Emah, J.B., 

Agbasi, O.E., (2020a). Dielectric 

Properties of  Eggshell membrane of 

some select Bird species. Arabian 

Journal for Science and 

https://doi.org/10.-15517/RBT.V61I1.11127
https://doi.org/10.-15517/RBT.V61I1.11127
https://doi.org/-10.7747/JFES.2017.33.4.322
https://doi.org/-10.7747/JFES.2017.33.4.322
https://dx.doi.org/10.1016/j.carbpol.2016.10.069
https://dx.doi.org/10.1016/j.carbpol.2016.10.069
https://doi.-org/10.2478/adms-2022-0021
https://doi.-org/10.2478/adms-2022-0021
https://doi.-org/10.36937/ben.2022.4547
https://doi.-org/10.36937/ben.2022.4547


11                                             Researchers Journal of Science and Technology (2023) 3(1): 42 - 55 

 
 

 Engineering, 46, 769 – 777, 

https://doi.org/10.1007/s13369-020-

04931-7 

Etuk, S.E., Agbasi, O.E., Ekpo, S.S., Robert, 

U.W., (2020b). Gamma radiation 

 determination of absorption 

coefficients of cement sand block. 

Cumhuriyet Science  Journal, 41(1), 

38 – 42, https://dx.doi.org-/10.-

177776/csj.624318 

Etuk, S.E., Robert, U.W., Agbasi, O.E., 

(2020c). Design and Performance 

evaluation of a determination of 

specific heat capacity of thermal 

insulators. Beni-Suef University 

Journal of Basic and Applied Sciences, 

9(1), 1-7, https://doi.org/10.1186/-

s43088-020-00062-y 

Etuk, S. E., Robert, U.W., Agbasi, O.E., 

(2021). Investigation of heat transfer 

and  mechanical properties of 

Saccharum Officinarum leaf boards. 

International Journal of Energy and 

Water Resources, 6(1), 05 – 102,  

https://doi.org/10.1007/s42108-021-

00123-7 

Etuk, S.E., Robert, U.W., Agbasi, O.E., 

(2022a). Thermophysical properties 

of oil   empty fruit bunch peduncle 

for use as a mulching material. 

Journal of Oil Palm Research, 

https://doi.org/10.21894/jopr.2022.00

65 

Etuk, S.E., Robert, U.W., Agbasi, O.E., 

Ekpo, S.S., (2022b).  A study on 

thermophysical properties of clay 

from Agbani: its assessment as 

potential walling  material for 

naturally-cooled building design, 

Epitoanyag-Journal of Silicate Based 

and Composite Materials, 74(3), 93 – 

96,   https://doi.org/10.14382/epi-

toanyag-jsbcm.2022.15 

Etuk, S.E., Robert, U.W., Agbasi, O.E., 

Inyang, N.J., (2023). Evaluation of 

Thermophysical and Strength 

Properties of Composite Panels 

Produced from  Sugarcane Bagasse 

and Waste Newspapers, Advances in 

Materials Science, 23(1), 19 - 31, 

https://-doi.org/10.2478/adms2023-

0002 

Ejaz, M.F., Riaz, M.R., Azam, R., Hameed, 

R., Fatima, A., Deifalla, A.F., 

Mohamed,  A.M., (2022). 

Physico-Mechanical Characterization 

of Gypsum - Agricultural Waste 

 Composites for Developing Eco-

Friendly False Ceiling Tiles, 

Sustainability, 14, 9797, https://doi.-

org/10.3390/su14169797 

European Pharmacopoeia 7.0 (2010): 

Chapter 2.9.36, Powder Flow, p. 308 

Fantilli, A. P., Jóźwiak-Niedźwiedzka, D., 

Denis, P., (2021). Bio-fibres as a 

 reinforcement of gypsum composites. 

Materials, 14, 1 – 14,  https://doi.-

org/10.3390/ma14174830 

George, N. J., Obianwu, V.I., Akpabio, G.T., 

Obot, I.B., (2010). Comparison of 

thermal insulation efficiency of some 

select materials used as ceiling in 

building design. Archives of Applied 

Science Research, 2(3), 253 – 259 

Gesa, F. N., Atser, A.R., Aondoakaa, I.S., 

(2014). Investigation of the thermal 

insulation properties of selected ceiling 

materials used in Markurdi metropolis 

(Benue  State– Nigeria). American 

Journal of Engineering Research, 

3(11), 245 – 250 

https://doi.org/10.1007/s13369-020-04931-7
https://doi.org/10.1007/s13369-020-04931-7
https://dx.doi.org-/10.-177776/csj.624318
https://dx.doi.org-/10.-177776/csj.624318
https://doi.org/10.1186/-s43088-020-00062-y
https://doi.org/10.1186/-s43088-020-00062-y
https://doi.org/10.1007/s42108-021-00123-7
https://doi.org/10.1007/s42108-021-00123-7
https://doi.org/10.21894/jopr.2022.0065
https://doi.org/10.21894/jopr.2022.0065
https://www.researchgate.net/journal/Epitoanyag-Journal-of-Silicate-Based-and-Composite-Materials-0013-970X
https://www.researchgate.net/journal/Epitoanyag-Journal-of-Silicate-Based-and-Composite-Materials-0013-970X
https://doi.org/10.14382/epi-toanyag-jsbcm.2022.15
https://doi.org/10.14382/epi-toanyag-jsbcm.2022.15
https://-doi.org/10.2478/adms2023-0002
https://-doi.org/10.2478/adms2023-0002
https://doi.-org/10.3390/su14169797
https://doi.-org/10.3390/su14169797
https://doi.-org/10.3390/ma14174830
https://doi.-org/10.3390/ma14174830


12                                                     Grace Peter Umoren, Anthonia Oscar Udoh, Itoro Esiet Udo 

 Published June, 2023 

Guna, V., Yadav, C., Maithri, B.R., 

Ilangovan, M., Touchaleaume, F., 

Saulnier, B.,  Grohens, Y., Reddy, 

N., (2021). Wool and coir fibre 

reinforced gypsum ceiling tiles 

 with enhanced stability and acoustic 

and thermal resistance. Journal of 

Building Engineering, 41, 102433, 

https://doi.org/10.1016/j.jobe.2021.102

433 

Johar, N., Ahmad, I., Dufresne, A., (2012). 

Extraction, preparation and 

characterisation of cellulose fibres 

and nano crystals from rice husk. 

Industrial Crops  and Products, 

37, 93 – 99, https://doi.org/-

10.1016/j.indcrop.2011.12.016 

Karaye, J.U., Hayatu, M., Mustapha, Y., 

(2021). Nutritional and anti-

nutritional  properties  of the 

seeds of six selected Nigerian 

Cucurbit Germplasm, Journal of 

Plant  Development, 28, 139 – 150, 

https://doi.org/10.4773/jpd.2021.28.1.

878 

Mórales-Segura, M., Porras-Amores, C., 

Villoria-Sáez, P., Caballol-

Bartolomé, D., (2020). Charac-

terization of Gypsum Composites 

Containing Cigarette Butt Waste for 

 Building Applications, Sustainability, 

12, 1- 13,  https://doi.org/10.3390-

/su12177022 

Lu, H., Guo, X., Liu, Y., Gong, X., (2015). 

Effect of particle size on flow mode 

and  flow characteristics of 

pulverised coal. Kona Powder Part I, 

32, 143 – 153, https://doi.org/10.1-

4356/kona.2015002 

Ochang, M.B., Jubu, P.R., Amah, A.N., 

Oche, J.L., (2018). Investigation of 

thermal  properties of fabricated 

plaster of Paris – Rice husk ash 

composite with varying matrix -filler 

volume fractions for thermal 

insulation applications, American  

Journal of Engineering Research, 

7(6), 215 – 222 

Okorie, U.S., Robert, U.W., Iboh, U.A., 

Umoren, G.P., (2020). Assessment of 

the  suitability of tigernut fibre for 

structural applications. Journal of 

Renewable Energy and Mechanics, 

3(1), 32 – 38, https://doi.org/1-

0.25299/rem.2020.vol3(01).4417 

Ojoko, E.O., Abubakar, H.O., Ojoko, O., 

Ikpe, E., (2016). Sustainable Housing 

 Development in Nigeria: Prospect 

and Challenges. Journal of 

Multidisciplinary Engineering Science 

and Technology, 3(5), 4851 – 4860 

Oladele, I.O., Okoro, M.A., (2015). 

Development of rattan (Calamus 

longipinna)  particulate reinforced 

paper pulp-based composite for 

structural application using waste 

 papers. Leonardo Journal of Science. 

14(27), 75 – 87. 

Oyekunle, J.A.O., Dirisu, J.O., Okokpujie, 

I.P., Asere, A.A., (2018). Determi-

nation of  heat transfer proper-

ties of various PVC and Non-PVC 

ceiling materials available in 

 Nigerian markets. International 

Journal of MechanicalEngineering 

and Technology, 9(8), 963 – 973 

Pedreño-Rojas, M.A., Morales-Conde, M.J., 

Pérez-Gálvez, F., Rodríguez-Liñán, 

C., (2017). Eco-efficient acoustic and 

thermal conditioning using false 

ceiling  plates  made from plaster and 

wood waste. Journal of Cleaner 

https://doi.org/10.1016/j.jobe.2021.102433
https://doi.org/10.1016/j.jobe.2021.102433
https://doi.org/-10.1016/j.indcrop.2011.12.016
https://doi.org/-10.1016/j.indcrop.2011.12.016
https://doi.org/10.4773/jpd.2021.28.1.878
https://doi.org/10.4773/jpd.2021.28.1.878
https://doi.org/10.3390-/su12177022
https://doi.org/10.3390-/su12177022
https://doi.org/10.1-4356/kona.2015002
https://doi.org/10.1-4356/kona.2015002
https://doi.org/1-0.25299/rem.2020.vol3(01).4417
https://doi.org/1-0.25299/rem.2020.vol3(01).4417


13                                             Researchers Journal of Science and Technology (2023) 3(1): 42 - 55 

 
 

Production, 166, 690 – 705, 

 https://dx.doi.org/10.1016/j.jelepro.2

017.08.077 

Rajput, E.R.K., (2015). Heat and mass 

transfer, 6
th

 Revised edn., S. Chand 

and Company PVT Ltd, Ram Nagar, 

New Delhi, p.15 

Robert, U.W., Etuk, S.E., Agbasi, O.E., 

(2019). Modified Water Displace-

ment Method and its Use for 

Determination of Bulk Density of 

Porous Materials. Journal of 

Renewable Energy and Mechanics, 

1(1), 1 – 16, https://doi.org/10.25299-

/rem.2029.vol1(01).2292 

Robert, U. W., Etuk, S. E., Iboh, U. A., 

Umoren, G. P., Agbasi, O. E., 

Abdulrazzaq, Z. T.,  (2020a). Ther-

mal and Mechanical properties of 

fabricated Plaster of Paris filled with 

groundnut seed coat and waste 

newspaper materials for structural 

application.  Építôanyag-Journal of 

Silicate Based and Composite 

Materials, 72(2), 72 –78, 

,https://doi.org/10.14382/epĩtõanyag-

jsbcm.2020.12 

Robert, U.W., Etuk, S.E., Agbasi, O.E., 

Umoren, G.P., (2020b). Comparison 

of clay soils of different colours 

existing under same conditions in a 

location. Imam Journal  of 

Applied Sciences, 5(2), 68 – 73, 

https://doi.org/10.4103/ijas_35 _ 19 

Robert, U.W., Etuk, S.E., Agbasi, O.E., 

Ekong, S.A., Abdulrazzaq, Z.T., 

Anonaba,  A.U., (2021a). 

Investigation of Thermal and 

Strength Properties of Composite 

Panels  fabricated with Plaster of 

Paris for Insulation in Buildings. 

International Journal of Thermo-

physics, 42(2), 1 – 18, https://doi.-

org/10.1007/s10765-020-02780-y 

Robert, U. W., Etuk, S. E., Agbasi, O. E., 

Okorie, U. S., Lashin, A., (2021b). 

Hygrothermal  properties of sandcrete 

blocks produced with raw and 

hydrothermally-treated sawdust as 

partial substitution materials for sand. 

Journal of King Saud University – 

Engineering Sciences, https://doi.org-

/10.1016/j.jksues.2021.10.005 

Robert, U. W., Etuk, S. E., Agbasi, O. E., 

Okorie, U. S., (2021c). Quick 

Determination of Thermal Conduc-

tivity of Thermal Insulators using a 

Modified Lee – Charlton’s Disc 

Apparatus Technique. International 

Journal of Thermophysics, 42(8), 113, 

https://-doi.org/10.1007/s10765-021-

02864-3 

Robert, U. W., Etuk, S. E., Agbasi, O. E., 

Umoren, G. P., Akpan, S. S., Nnanna, 

L. A.,  (2021d). Hydrothermally-

calcined Waste Paper Ash Nano-

material as an Alternative to Cement 

for Clay Soil Modification for Building 

Purposes. Acta Polytehnica, 6(6),   749 

– 761. https://doi.org/010.14311/AP-

.2021.61.0749 

Robert, U. W., Etuk, S. E., Agbasi, O. E., 

Umoren, G. P., Inyang, N. J., (2021e). 

Investigation of thermophysical and 

mechanical properties of board 

produced from  coconut (Cocos nu-

cifera) leaflet. Environmental Tech-

nology & Innovation, 24(1), 101869, 

https://doi.org/10.1016/j.eti.2021/1018

69 

Robert, U. W., Etuk, S. E., Ekong, S. A., 

Agbasi, O. E., Ekpenyong, N.E., 

https://dx.doi.org/10.1016/j.jelepro.2017.08.077
https://dx.doi.org/10.1016/j.jelepro.2017.08.077
https://doi.org/10.25299-/rem.2029.vol1(01).2292
https://doi.org/10.25299-/rem.2029.vol1(01).2292
https://doi.org/10.14382/epĩtõanyag-jsbcm.2020.12
https://doi.org/10.14382/epĩtõanyag-jsbcm.2020.12
https://doi.org/10.4103/ijas_35%20_%2019
https://doi.-org/10.1007/s10765-020-02780-y
https://doi.-org/10.1007/s10765-020-02780-y
https://doi.org-/10.1016/j.jksues.2021.10.005
https://doi.org-/10.1016/j.jksues.2021.10.005
https://-doi.org/10.1007/s10765-021-02864-3
https://-doi.org/10.1007/s10765-021-02864-3
https://doi.org/010.14311/AP-.2021.61.0749
https://doi.org/010.14311/AP-.2021.61.0749
https://doi.org/10.1016/j.eti.2021/101869
https://doi.org/10.1016/j.eti.2021/101869


14                                                     Grace Peter Umoren, Anthonia Oscar Udoh, Itoro Esiet Udo 

 Published June, 2023 

Akpan, S. S., Umana, E. A., (2022a).  

Electrical characteristics of dry cement 

- based composites modified with 

coconut husk ash nano-material. 

Advances in Materials Science, 22(2), 

64 – 77, https://doi.org/10.2-478/adms-

2022-0008 

Robert, U. W., Etuk, S. E., Emah, J. B., 

Agbasi, O. E., Iboh, U. A., (2022b). 

Thermophysical and Mechanical 

Properties of Clay-Based Composites 

developed with  Hydrothermally Cal-

cined Waste Paper Ash Nano-material 

for Building Purposes. International 

Journal of Thermo-physics, 43(5), 1 – 

20, https://doi.org-/10.1007/s107650-

22-02995-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Robert, U.W., Etuk, S.E., Agbasi, O.E., 

Okorie, U.S., Ekpenyong, N. E.,  

Anonaba, A. U., (2022c).  On the 

Modification of Lee – Charlton’s 

Disc Apparatus Technique for 

Thermal Conductivity Determination. 

Researchers Journal of Science and 

Technology, 2(3), 1 – 17 

Twidell, J., Weir, T., (1990). Renewable 

Energy Resources, E and F.N. Spon, 

 London, pp. 417 – 418 

Umanah, E. I., Ekpenyong, N. E., Akpan, 

A.O., (2022). Electrical and 

Dielectric Properties  of discs fabri-

cated using Periwinkle Shell 

Nanopowder and Dry Cassava 

 Starch. Bulletin of the Polytechnic 

Institute of Iași, 68(72), 7 – 20, 

 https://doi.org/10.2478/bipmf-2022-

0001 

 

 

 

  

 

https://doi.org/10.2-478/adms-2022-0008
https://doi.org/10.2-478/adms-2022-0008
https://doi.org-/10.1007/s107650-22-02995-1
https://doi.org-/10.1007/s107650-22-02995-1
https://doi.org/10.2478/bipmf-2022-0001
https://doi.org/10.2478/bipmf-2022-0001

