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ABSTRACT 

This work aimed at evaluating the thermal storage capacities of granite grits, laterite rock, sand, laterite, and 

Clay for solar drying applications. The sample materials were ground and sieved through 0.425mm British 

Standard sieve. The thermal conductivity, specific heat capacity, bulk density and melting point of the materials 

were determined. The results showed that Clay displayed better potentiality as thermal storage material with 

the highest thermal conductivity and specific heat capacity of 2.16 W/m oC and 1.398 kJ/kg K respectively. 

Laterite was observed to be the least with 1.07 W/moC, and 0.499 kJ/kg K respectively. The Sand was observed 

to have higher bulk density compared with other sample materials while Laterite exhibited the lowest. The 

analysis of the result indicates that clay could be used as material for thermal energy storage facility in solar 

drying applications. 
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INTRODUCTION 
Sun-drying is the most common and widely known application 

of the energy harvested from the Sun. The sun intensity coupled 

with the air took a vital role in food preservation from thousands 

of years ago. In agricultural operation, solar thermal technology 

is one of the technologies that is briskly acceptable as an energy-

saving measure. It is recommended and a better option than 

wind, hydro, geothermal and other sources of energy because it 

is ample, indefatigable, inexhaustible, non-polluting and the 

most promising renewable energy source (Abdulelah et al., 

2014). 

 

In different places across the world, the solar thermal system is 

commonly used in an agricultural operation to preserve coffee, 

vegetables, fruits, and many other crops, it has shown to be a 

provident, practical and also responsible approach for a safer  

 

 

 

 

environment. Drying of food and other crops through solar 

heating can improve the quality of the product. Food processing 

technologists, scientists, and engineers concluded that reduction 

of moisture content of food, crops and other perishable 

agricultural product from 15% to 20% will improve their quality 

(Rajeshwari et al., 2012). The conventional ways of drying 

which are still applicable in the world till today is open sun 

drying by which crops, food, and other agricultural product are 

dispersed on the floor and carefully turned regularly until 

satisfied. However, the problems associated with such a 

conventional direct Sun drying method include losses due to 

attack by rodents, animals, rains, dust in addition to unhygienic 

end products (Hassan et al., 2018). To overcome such problems, 

foods’ drying via solar dryers is the most effective and hygienic 

way which requires lesser space, time and is inexpensive 

compared to other artificial mechanical dryers.  

 

 
Figure 1: The forms of thermal energy storage (Karunesh et al., 2016) 
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There are several pieces of research for solar drying systems 

focused on different design approaches, construction/fabrication 

techniques and the mode of operations. However, studies on the 

thermal energy storage capabilities of different materials used 

for the construction of such dryers are limited. Hassan et.al 

(2018) in their research showed that the maximum temperature 

in the drying chamber was observed at around 2:00 pm and then 

decreased at a fluctuated rate until the drying is completely 

stopped. This was as a result of reaching an equilibrium 

temperature between the inside and outside of the solar dryer. 

The main challenge of the solar dryer is the optimum utilization 

of the collected energy that could be possible only during the 

day. To conserve such excess energy resources, a means of 

storage facility that could be harvested at night is essential   

Karunesh et.al., (2016) described a solar dryer using thermal 

energy storage materials as an effective measure in providing  

 

continuous drying effect on the processed and unprocessed 

agricultural products at steady state in the temperature range 

(40 °C–60 °C). Such dryers have globally become a potential 

viable substitute to the common solar dryers. 

Therefore, this work intends to evaluate the thermal storage 

capacity of different materials. The work would determine the 

ability of the materials in storing the collected energy during the 

day and releasing it when the atmospheric temperature is low. 

 

METHODOLOGY 

This work involves the Identification and collection of potential 

thermal storage materials from Abuja. The materials were pre-

treated and ground into smaller particle sizes (0.425mm) for a 

proper determination of their physical and thermal properties. 

Plate 1-5 are obtained materials in their compacted and 

powdered forms. 

 

 
Plate1: Coarse Granite and its powder                  Plate 2: Laterite rock and its powder 

 

  
Plate 3: Laterite and its and its powder                 Plate 4: Sand soil and its powder 

 

 
Plate 5: Clay soil and its powder 

 

Thermal Conductivity of the Materials 

The thermal conductivity test was carried out on all the five selected materials using the thermal conductivity apparatus in Plate 6 

designed to function as described using equation (1)  (Holman, 2010 ) 

k =
q(r0−r1)

4πr0r1(T1−T0)
,  W/moC          (1). 

Where q is the heat input in Watt; r1, r0 is the internal and external radius in metre and T1, T0 is the internal and external surface 

temperature in oC 
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Plate 6: Thermal conductivity apparatus                     Plate 7: Specific heat capacity apparatus 

 

Bulk density of the Materials 
Bulk density test was carried out on all the materials with the aid 

of 3.05x10-3kg/m3 bulk density cylinder, Scoop, weight scale, set 

of BS laboratory sieve and tamping rod. In the determination of 

the bulk density, the procedure in general engineering laboratory 

manual for engineering students by Adeleke et al., (2018) was 

adopted and equation 2 was used to calculate the average bulk 

density of the selected materials. 

 Db = 
(M2−M1)

Vc
, kg/m3    (2)Where; 

M1 is the mass of the container only; M2 is the combine masses 

of the materials and the container; Vc  is the calibrated volume 

determined and Db is the Bulk density. 

 

Specific heat capacity test 

The specific heat capacity test was conducted following the 

procedure in (Adeleke, et al., 2018). In the procedure, 100g of 

the sample material was weighed using beam balance and 

recorded as Ws. The same mass of water also measured and 

poured into the calorimeter and recorded as Ww, while the initial 

temperature of water in the calorimeter was measured and 

recorded as Tw. The temperature of the materials was raised in a 

beaker to 80oC and recorded as Ts, the heated materials were 

added to the water in the calorimeter, the calorimeter was 

covered and stirred to have equilibrium temperature, the 

equilibrium temperature Te of the mixture of water and dry soil 

in calorimeter was recorded.  The specific heat of the sample 

particles Cs was determined from the equilibrium temperature as 

in equation 3  

Cs = 
(Tw−Te) × Cw × Ww

(Te−Ts)Ws
 , kJ/kgK     (3) 

 

Where; Tw is the initial temperature of water in the calorimeter 

(ºC), Ts is the initial temperature of dry sample (ºC), Te is the 

equilibrium temperature of mixed water and dry soil in the 

calorimeter (ºC),  Cw is the specific heat of water J/kg/ ºC, Ww is 

the mass of water in the calorimeter (kg), and  Ws mass of dry 

soil (kg). 

 

Determination of the Melting Point 

The melting point test was conducted following (Richard et al., 

2009). In the method, the temperature at which the sample 

materials change phase from solid to liquid was targeted. 

However, the capacity of the melting point apparatus available 

was design accommodate a temperature ≤ 400 oC which is lower 

than the melting point of the selected samples.  

 

DISCUSSION OF RESULTS 

The results in table 1 show that the highest thermal conductivity 

of 2.16 W/moC was achieved with Clay sample while Laterite 

sample has the least with 1.07 W/moC. According to Reddy et 

al., (2019), the high thermal conductivity increases the thermal 

charging and discharging rate. The higher the thermal 

conductivity of the thermal storage materials, the lower the 

insulation of that material and is the better option. In terms of 

the average specific heat capacity of the materials, the same clay 

recorded highest with 1.398 kJ/kg K while laterite was also the 

least with 0.499 kJ/kg K as shown in figure 2. The amount of 

heat stored depends on the specific heat of the materials, the 

temperature change, and the amount of storage material (Kumar 

et al., 2015) and High specific heat improves energy storage 

density of the system (Reddy et al., 2019). The melting points of 

all the sample materials are above 400oC suitable for both 

sensible heat and the latent heat storage.  

 

 

Table 1: Results for the physical and thermal properties of the selected materials 

Properties Selected materials 

Granite Laterite Sand Laterite Rock Clay 

kavg (W/moC) 1.47 1.07 1.21 1.17 2.16 

ρavg(kg/m3) 1468.41 1093.44 1605.08 1442.13 1187.70 

cpavg(kJ/kgK) 0.627 0.499 0.546 0.559 1.398 

 

 

For bulk density, the highest value of 1605.08 kg/m3 was obtained with Sand followed by Granite with 1468.41 kg/m3, 
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while Laterite has the lowest bulk density among the materials 

selected. Higher bulk density improves energy storage density 

which reduces the volume of the thermal energy storage system 

(Presley et al., 1996). Any further increase in the bulk density of 

these materials will lead to an increase in their thermal 

conductivity which will increase their thermal energy storage 

capacity.

 

 

Figure 2: The graph of thermal conductivity and specific heat capacity against the materials

 

    

 

Figure 3: The graph of bulk density against the materials 

CONCLUSIONS 

Thermal conductivity, specific heat capacity, melting point, and 

bulk density tests were carried out on all the selected materials. 

The analysis of the result indicated that clay has better thermal 

properties (thermal conductivity and specific heat capacity) of 

2.16 W/mK and 1.398 kJ/kg K respectively as compared with 

other sample materials for thermal energy storage in solar drying 

applications followed by granite. The obtained result is 

inconsistent with the findings of Hasnain, (1998) who concluded 

that the most prevalent storage material is clay brick. However, 

for the bulk density of the selected materials, Sand has the 

highest density value which signifies an improved thermal 

energy storage density.  
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