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Abstract 
Standard quality building material is the demand of this present age. It is a good attempt to draw some ideas about 

the use of composites in modern building materials. This study experimentally investigates the effect of varying 

oil beanstalk (OBS) filler and portland cement (Cmt) additives on thermo-mechanical properties of aluminium 

dross (Aldr)-portland cement-oil bean reinforced composites. The specific heat capacity, thermal conductivity, 

thermal resistivity, thermal diffusivity, thermal effusivity, and compressive strength were determined at a different 

variation of filler content to investigate its effects on the developed composites' behaviour building ceilings 

application. Result shows that the physical and mechanical properties of triad 0.6Aldr0.3Cmt0.05G0.05OBS, 

0.6Aldr0.32Cmt0.05G0.03OBS composites are better than 0.6Aldr0.34Cmt0.05G0.01OBS composites. Developed samples 

with portland cement binders were observed not supporting combustion in the combustion calorimeter, confirming 

their flame retardant characteristics. Thermal analysis indicates that reduced additive results in poor thermal 

performance despite an increment in portland cement content. The least thermal conductivity value (0.0195 

W/m2K) was obtained for sample 2. The developed ceiling materials' specific heat capacities increased by 10.33 

- 386.83 % compared to asbestos. Compared to PVC ceiling material gave a 40.81 % reduction in sample 2. The 

calorific value of oil bean stalk obtained using the combustion calorimeter is 17.80 MJ/kg, lower compared to 

pulverized coconut shells. It is observed that the best performance of the composite is achieved at moderate 

portland cement and filler ratios. A new method of curbing fire spread and providing thermal comfort is essential 

in this new age of building composite, sustainable cities and communities; this will come to the fore when inbred 

exceptional thermal, combustion, and mechanical properties are found in developed building ceilings. The 

percentage variation of filler on the matrix material necessitates improvement in their behaviour in performance.    

Keywords: combustion calorimeter, thermal analysis, aluminium dross, building ceiling, oil beanstalk, 

sustainable cities 

1. Introduction 
The devastating consequence of fire outbreaks within domestic and commercial buildings is a significant concern 

globally [1]. Fire is an exothermic reaction in combustible material, oxygen, and an ignition source. It is helpful, 

but its dangerous effect becomes a disaster capable of destroying anything close to it [2-3]. Fire outbreaks are 

mainly caused by human negligence. Storing flammable material within confined spaces in an undesirable 

temperature surge from faulty apartment wiring often leads to a fire outbreak [4]. Other factors responsible for 

fire outbreaks in buildings include: (i) the use of sub-standard and defective equipment [5], (ii) the application of 

non-compliant building materials, and (iii) unrestrained children's access to fire lighter [6]. Although increasing 

fire outbreaks have been reported recently, fire outbreaks can be averted or minimized by controlling fuel type, 

oxidizing agent, and combustible material [7]. In a study conducted by Young et al. [8], fuel load reduction and 

landscape modification were presented as fire outbreak control strategies within areas susceptible to seasonal fire 

hazards. The selection of eco-friendly and flame truncating materials for buildings was presented as fire control 

strategies [9]. 

Presently, buildings are retrofitted with either PVC ceiling composite, plant-based ceiling, or asbestos materials. 

Unfortunately, these materials have harmful elements that produce noxious emissions at the instance of a fire 

outbreak. These ceiling materials' elemental makeup is responsible for forming harmful emissions resulting in 

trapped occupants' losses. Furthermore, about ₦54bn worth of properties is lost to fire inferno every three years 

across Lagos, Nigeria [25]. Similarly, a 4% reduction in the capital expenditure of Kwara state, Nigeria, was 

attributed to the fire outbreak [10]. 

Aluminium dross (Aldr) is a by-waste product of the aluminium production process [11]. In the work of [12], Aldr 

was reported to have prospective flame retardant constituents [12]. Other waste Aldr as an additive in concrete 



 

 

brought about reduced portland cement utilization and cost [13]. Author(s) reported improved mechanical and 

durability characteristics within the Aldr-concrete mixture [13]. An experimental study [14] concluded that a light-

weighted building ceiling material with moderate thermal resistance could be produced by mixing Al dross with 

appropriate epoxy resins [14]. Significant improvements in the hardness and impact strength of a silicon carbide 

material were observed when filler glass fibre was introduced to the matrix in a study conducted by [15]. However, 

the silicon carbide material's tensile strength and shear strength slightly decreased.   

Presently across Nigeria, Aldr is readily available as suburban and rural road fillers. While disposing of Aldr is 

still a significant challenge, scanty applications for Aldr are the principal justification for experimentally accessing 

the effect of varying percentages of oil beanstalk (0.01, 0.03, and 0.05%) and portland cement (0.30, 0.32, 0.34%) 

on the thermal and mechanical properties of constant 0.6/0.05% Aldr-graphite percentage blend material. 

 This study aims to assess the effect of varying the portland cement and additive percentage ratios on the thermal 

and mechanical properties of the triad-developed composite material as a potential building ceiling material. 

 

2. Materials and Methods 

 

2.1 Materials 
This work obtained aluminium dross, the base material, from Aluminium Rolling Mill (ARM), Ogun Housing 

Estate, Ota, Nigeria. Oil Bean Stalk (OBS) was obtained from remote areas in Iju, Ogun state, and covenant 

university premises. Natural Carbon graphite powder and portland cement were obtained from Covenant 

University campus and vendors in Ota, Nigeria. The OBS and aluminium dross were milled using a grinding mill 

to obtain both fine and coarse sizes. The tree, oil beanstalk, and other materials in use are shown in Figure 1. 

 

2.2 Methods 
The MakerBot Replicator+ 3-D Printed mould shown in Figure 2 was employed to design the circular mould 

template for the aluminium dross composite. The dimension is θ50 mm x 10 holes. Aluminium dross was sieved 

using a 90 µm sieve size to obtain fine particulate. Hand tools were used, such as a hand trowel, spatula, digital 

weighing balance, and empty pan to prepare the production sample. The empty pan was zeroed on the weighing 

balance to read out the actual weight of the sample. The percentage of admixture is presented in Table 1, and the 

terminologies of advanced composites are shown in Table 2, where the subscripts indicate the fraction or 

percentage of the material. The mould was lubricated to easily withdraw samples from the mould. Prepared 

composites were cured and heat-treated in an oven at a temperature of 50oC for 24 hours. The specific heat capacity 

was determined using a copper calorimeter and thermometers by employing mixtures as fully expounded by [16-

19, 31, 32]. The thermal conductivity was obtained by using an automatic Lee’s disc apparatus. The work of [20] 

can find for the entire procedure. 

 



 

 

 

 

 

Figure 1: Start-ups materials for Aluminium dross ceiling composite 

 

Figure 2: 3D Printer and Ceiling Sample Circular Template 



 

 

Table 1: Composition of Three developed building ceiling Materials 
Sample Al Dross 

(base 

Material) 

(wt%) 

Binder 

(wt%) 

Flame 

retardant  

(Carbon 

Graphite 

powder 

(CG)) 

Additive(A) 

 (wt%) 

Total  

Quantity 

(g) 

Weight 

of 

empty 

can 

(EC) (g) 

Base 

material 

and EC 

(g) 

Binder 

and EC 

(g) 

CG 

and 

EC 

(g) 

A 

and 

EC 

(g) 

Empty 

bottle 

water 

(EBW) 

(g) 

water 

(wt%) 

water 

and 

EBW 

(g) 

  
Portland 

cement 

  
Oil Bean 

Stalk 

(OBS) 

         

1 60 30 
 

5 5 500 169.2 469.2 319.2 194.2 194.2 6.5 50 256.5 

2 60 32 
 

5 3 400 169.2 409.2 297.2 189.2 181.2 6.5 50 206.5 

3 60 34 
 

5 1 450 169.2 439.2 322.2 191.7 173.7 6.5 50 231.5 

 
 

Table 2: Nomenclatures of Developed Ceiling Materials 

Sample Number Name 

1 0.6Aldr0.3Cmt0.05G0.05OBS 

2 0.6Aldr0.32Cmt0.05G0.03OBS 

3 0.6Aldr0.34Cmt0.05G0.01OBS 

 

Where  Aldr is Aluminium dross, Cmt is Portland cement, G is Carbon Graphite powder, OBS is Oil Bean 

Stalk 

 

3. Result and Discussion 
Table 3 shows the thermo-mechanical properties of the developed aluminium dross-based composite (portland 

cement, natural carbon graphite powder, and oil beanstalk) ceiling material as an alternative ceiling material (PVC 

and Asbestos). At a constant proportion of the aluminium dross (0.6 wt%) and natural carbon graphite powder 

(0.05 wt%) with increasing (0.3, 0.32, and 0.34 wt%) portland cement binder and decreasing (0.05, 0.03, and 0.01 

wt%) oil beanstalk percentages, the thermal conductivity of the developed ceiling materials was found to vary by 

0.0195–0.049 W/m2K (see Figure 3). These values are within the range of poor heat conductors. Their thermal 

conductivities are lower by 78.33 – 91.38 % and 38.90 – 75.69 % compared to the asbestos and PVC materials 

described in George et al. [22]. The least thermal conductivity value (0.0195 W/m2K) was obtained for sample 2. 

However, increasing and decreasing the concentration of portland cement and oil bean stalk beyond sample 2 

increased the thermal conductivity of sample 3. Although sample 3 has the lowest value from the error bar, sample 

1 doesn’t overlap in terms of the lowest thermal conductivity; therefore, most of the data for sample 1 is 

significantly different from other developed and existing samples, so sample 1 conclusively has the lowest thermal 

conductivity. PVC has the highest thermal conductivity for both values and the non-overlapping error bar from 

Figure 3. According to [23], low thermal conductivity ceiling materials are desirable for their capacity to prevent 

building temperature loss. 

Thus, sample 2 is a suitable retrofit for both asbestos and PVC ceiling materials. The highest thermal resistivity 

value of 51.369 Km2/W was obtained with sample 2, as illustrated in Figure 4. This infers that sample 2 has the 

best ability to inhibit heat flow and temperature rise. Overall, the thermal resistivity of the ceiling materials ranged 

between 4.423 – 51.369 Km2/W. There isn’t a significant conclusion between sample 2 and sample 3 due to the 

overlapping error bar. However, sample 2 doesn’t overlap with other materials besides sample 3, as seen in Figure 

4. The variation in specific heat capacity of the developed ceiling materials is shown in Figure 5. The developed 

ceiling materials' specific heat capacities increased by 10.33 - 386.83 % compared to asbestos. Compared to PVC 

ceiling material gave a 40.81 % reduction in sample 2. Specific heat capacity variations within the developed 

ceiling materials make them appropriate replacements for asbestos material, while only samples 1 and 3 can 

adequately retrofit the PVC material. This is in line with the suggestion to select materials with high specific heat 

capacity materials by [24]. A denser material provides higher mechanical strength and reduced air voids within 

the interstices, thus reducing porosity [22,31]. PVC is the least permeable to water and densest among all the 

materials in Figure 6. Sample 2 is significant in density among the three composite materials. A low compressive 

strength value is seen in sample 2, unlike its high density among the developed samples. The matrix's composite 

materials orientation is responsible for its low value among the samples, as purported by [30]. High thermal 

effusivity values are seen in PVC and Sample 1 ceiling materials compared to other building materials. Thermal 

effusivity, a surface property, presents the material's capacity to attain thermal equilibrium with the surrounding 

air. This requires high thermal energy dissipation and a longer duration to achieve thermal equilibrium, implying 

a reluctance to support burning compared to air [26]. PVC and sample 1 will have low energy demand than other 

materials [27] in Figure 7.  



 

 

 

Table 3: Thermo-mechanical Properties of Triad Ceiling Composites 

Sample Density 

ρ 

(Kg/m3) 

Specific 

Heat 

Capacity 

kJkg-1K-1 

Thermal 

Conductivity 

k (W/m2K) 

Thermal 

Resistivity 

r (Km2/W) 

Thermal 

Diffusivity 

α x 10-8 

(m2/s) 

Thermal 

Effusivity 

Ɛ (Jm-2K-1s-1/2) 

Compressive 

strength 

(MN/m2) 

 

Sample1 1405.3 4.07 0.049 20.388 0.856 529.525 3.158 

Sample 2 1593.69 0.93 0.0195 51.369 1.318 169.854 1.604 

Sample 3 1211.82 2.36 0.0271 36.84 0.946 278.655 2.866 

 

Table 4 shows the calorific value of oil bean stalk additives, Portland cement binder, and the three developed 

ceiling composites. The calorific value of oil bean stalk obtained using the combustion calorimeter is 17.80 MJ/kg. 

The calorific value relates closely to the coconut shell amount employed as an additive by [28] at 17.40 MJ/kg. 

The lower the calorific value, the better the developed composites serve as flame retardance, which is well 

established in the study carried out by [29, 19] on comparing calorific values of PVC ceiling composites and plant 

origin ceilings. The calorific values of PVC ceiling composites range from 39-41 MJ/kg, cardboard 37 MJ/kg, 

plywood 15 MJ/kg, and Particleboard 46 MJ/kg, as presented in Figure 8. These values establish their 

combustibility and flame friendliness in the instance of fire. Particleboard will propagate fire most rapidly, 

followed by cardboard, while the developed samples will be non-combustible and may slightly reduce weight 

after combustion. Sample 1-3 was non-combustible due to the stable bond pair of the base material and binder 

unified against heat impregnation into the material composite, an implication of flame retardance during 

application. The inhibition of flame spread makes the materials suitable for building ceilings and serves as a 

measure of escape for occupants when smoke is detected within the roof frame structure's truss. 

 

Table 4: Calorific Values of Aluminium dross composite and oil bean stalk additives 

S/N Name of material Mass (kg) Calorific Value 

(MJ/kg) 

1 Oil beanstalk (additive) 0.005 17.80 

2 Portland cement (Binder) 0.05 Non-Combustible 

3 Aluminium dross(base material) 0.05 Non-Combustible 

4 Developed Ceilings Sample 1-3 0.05 Non-Combustible 

 

 

 

 

 

 

 
Figure 3: Thermal Conductivity Variation 
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Figure 4: Thermal Resistivity Variation 

 

 

Figure 5: Specific heat capacity Variation 

 

Figure 6: Density Variation 
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Figure 7: Thermal Effusivity Variation 

 

Figure 8: Heat of Combustion of Ceiling Samples  

 

4.    Conclusion 

In this study, the variation in percentage weight of pulverized oil beanstalk impacts the thermo-mechanical 

properties studied. This study shows that the percentage variation doesn’t significantly impact the thermal and 

mechanical properties due to the lowest additive and highest values of portland cement, as seen in 

0.6Aldr0.34Cmt0.05G0.01OBS. Samples, 0.6Aldr0.3Cmt0.05G0.05OBS and 0.6Aldr0.32Cmt0.05G0.03OBS composites possess 

expected properties for flame retardance in a ceiling application. The triad-developed ceilings are flame retardant 

due to their non-combustibility and low thermal conductivities. Oil beanstalk is among the reinforcement materials 

group and can be employed suitably as an additive to base material. The non-combustibility of the developed 

samples and excellent thermal properties can reduce building energy demand and provide a competitive substitute 

for existing building ceilings in the markets. 
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