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ABSTRACT 
The cast aluminium pot serves several functions. Its versatility accounts for its popularity in many local 

villages, households where it serves as the primary family cooking utensil. Plain aluminium utensils are 

low-cost, light weighted and thermally responsive. The thermal properties of cast aluminium pots varies 

from one another depending on the type and nature of materials used in making the pot. The average 

thermal conductivity of the cast aluminium pots was obtained as 162.36Wm-1K-1. This indicates that it 

will therefore conducts more heat through its layer and hence, time sufficiency and rarely reacts with 

food. In terms of time efficiency, cast aluminium pots saves much time during cooking as it has 

moderately high thermal conductivity compare to other pots. More heat energy will be needed during 

cooking with cast aluminium pots and pan as it has a very high specific heat capacity. Therefore, cast 

aluminium pots offer more advantages compare to other pots. 
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INTRODUCTION 

Achieving a sustainable energy management system requires maximizing efficient use of energy 

resources, coupled with the preferential use of renewable energy sources. It is particularly necessary to 

introduce improvements in the policies of renewable energy and energy efficiency in homes. A local 

kitchen in Nigeria typically consists of local pots, firewood and pot stand. Centuries have gone by and 

more cooking techniques have emerged, but many home-grown Nigerians still prefer to consume local 

cuisines made in traditional pots. The cast aluminium pot serves several functions, its versatility accounts 

for its popularity in many local villages, households where it serves as the primary family cooking utensil. 

Aluminium pots are made from aluminium scrap, the shape of the aluminium pots yard according to the 

purpose for which they are produced. Understanding how thermal conductivity affects the objects that we 

use every day can help us get the most out of them. The transfer of heat forms the very basis of cooking; 

therefore, it stands to reason that thermal conductivity plays a large role in the process.  

Thermal conductivity is the ability of a material to transmit heat, therefore, a material with a higher 

thermal conductivity will heat up faster than one with a lower thermal conductivity (Cengel and 

Yunilus,2003). This characteristic is sought after for cooking supplies. Depending on the application, 

however, different properties were required regarding the heat capacity and particularly the thermal 

conductivity. The study of heat transfer is important as it provides a basis on how various food processes 

involving heat transfer operate. When the fundamentals of heat transfer are well understood, the 

knowledge can be applied by a food engineer to design appropriate heat transfer equipment and facilities 

for specific food processes, assess the equipment performance, or improve on the existing process 

equipment design. Heat transfer occurs at a lower rate across materials of high thermal conductivity 

(Gustavsson, Karawacki and Gustafsson, 1994). This property is temperature dependent and it’s 
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reciprocal is the thermal resistivity. The effects of this transfer of energy usually, but not always, is an 

increase in the temperature of the colder body and a decrease in the temperature of the hotter body (Neil 

and Mermin, 2007). The important distinction between heat and temperature (heat being a form of energy 

and temperature a measure of the amount of that energy present in a body) was clarified during the 18th 

and 19th centuries. The quantity of energy necessary to raise the temperature of a body one degree varies 

depending upon the restraints imposed. The reasons why aluminium and its alloys are commonly used in 

pots production are because they have low density, they are easy to work with, and they have high 

electrical and heat conductivity. High quality cookware should not only be durable, but also take the 

energy from the heat source and effectively transmit this energy to the ingredients. There are several 

factors that affect this capability. The two most important factors are thermal conductivity and heat 

capacity. Table 1 shows the thermal conductivities of some cooking utensils (Halliday, Robert and 

Walker 2010).  

Table 1: List of some common materials used in cookware and their respective thermal 

conductivities: 

Material Thermal conductivity      

(W/mK) 

Copper 401  

Aluminum 237  

Cast Iron 80  

Carbon steel 51  

Stainless steel 16  

 

Thermal conductivity can be calculated using the following equation (Hans, 2007); 

         (1) 

where 

Q is the heat flow (W), L is the length or thickness of the material (m), and A is the surface area of the 

material (m2) 

Due to the fact that molecular movement is the basis of thermal conductance, the temperature of a 

material has a large influence on the thermal conductivity. Molecules will move more quickly at higher 

temperatures, and therefore heat will be transferred through the material at a higher rate. This means that 

the thermal conductivity of the sample has the potential to change drastically as the temperature increases 

or decreases. The ability to understand the effect that temperature has on thermal conduction is critical to 

ensuring that products behave as expected when subjected to thermal stress. The amount of internal 

kinetic energy stored in a material can be referred to as its heat capacity. This isn't the same thing as 

temperature, which is the average molecular kinetic energy within the material. While thermal 

conductivity describes the materials ability to absorb energy, heat capacity is the amount of energy that is 

needed to raise or lower the temperature of the material. The molecular composition of some materials is 

such that as they absorb energy, much of it gets converted into potential energy and only a small amount 

increases the molecular kinetic energy (water is a common example). Other materials, like most metals, 

increase their molecular kinetic energy readily and do not store much of the absorbed energy as potential 

energy. The heat capacity of a material is proportional to its mass.  

Heat capacity (usually denoted by C) or thermal capacity is the measureable physical quantity that 

characterizes the amount of heat required to change a substance’s temperature by a given amount (Emeka, 

2006). It is the ratio of the amount of heat energy transferred to an object to the resulting increase in 

temperature of the object as shown in equation 2 (Giancoli, 2007). 
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          2 

Heat capacity is an extensive property, so it scales with the size of the system. The specific heat capacity 

is an extensive property that describes how much heat energy it takes to raise the temperature of a given 

system. It is the heat per unit mass of a material. Experiments show that the transferred heat depends on 

three factors; 

I. The change in temperature 

II. The mass of the system, and 

III. The substance and phase of the substance. 

The last two factors are encapsulated in the value of the specific heat. The quantitative relationship 

between heat transfer and temperature change contains all three factors indicated in equation 3 (Emeka, 

2006): 

          3 

where 

Q is the heat transfer, m is the mass of the substance,  is the change in temperature and c is the specific 

heat and depends on the material and phase. 

 

MATERIALS AND METHOD 

MATERIALS 

The following materials were used. 

i. Standard Lee’s Disc apparatus 

ii. Heat source (stove) 

iii. Two thermometers 

iv. Steam flask 

v. Three Aluminium discs of different weight and thickness 

vi. Micrometer screw-gauge 

vii. Vernier calipers 

viii. Weigh balance 

ix. Stop-watch. 

x. Calorimeter setup for determination of specific heat capacity of the material 

 

METHOD 

Determination of Thermal Conductivity using Lee’s Disc Method 

The sample is placed in between the two metal discs (the thermometers are inserted into the metal discs) 

and the steam chamber is placed on top of the top metal disc. The whole setup is suspended in air so any 

other conduction effects are removed, although convection is a key factor in calculations. Water is heated 

to produce steam, which is then pushed through a steam chamber which is directly above one of the metal 

discs with a thermometer in it. This steam causes the metal disc to heat up and transfer heat to the 

conductor that is being tested. The conductor in turn transfers heat to the bottom metal disc, which loses 

heat to convection. After a certain time, each of the two metal discs will reach a steady temperature. The 

two temperatures are different and are used to calculate the thermal conductivity. At equilibrium, the 

amount of heat transferred from the conducting sample to the bottom disc is equal to the heat lost by that 

disc due to convection. Once the setup has reached thermal equilibrium and the temperature of each disc 

is recorded, the steam chamber is then removed along with the top metal disc and the conducting sample. 

The procedure is repeated for three aluminium pot samples of different weight and thickness. The samples 

are; 53g of thickness, 0.252cm and diameter, 10.93cm, 100g of thickness 0.388cm and diameter, 

10.46cm, 151g of thickness 0.537cm and diameter, 11.03cm. 

Determination of Specific Heat Capacity using Calorimeter Method:  

The setup consists of a calorimeter with an inner aluminium cup, stirrer, a thermometer and electric 

heater. Before the experiment was carried out, the room temperature was observed and recorded. The 
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aluminium container inside the calorimeter is ensured clean and dried, weighed and recorded. One-fourth 

of the calorimeter is filled with water and weighed. The pot sample of 28.6g of aluminium is tied to a 

string and placed in an already water-heater and allow to boil. The initial temperature before heating and 

that of the boiling water is taken, this is assumed to be the temperature of the sample at that time and the 

atmospheric pressure is assumed to be 1atm.The sample is immediately transferred into the calorimeter 

containing a thermometer and a stirrer, and the corresponding rise in temperature with time was recorded 

until it reaches a steady temperature. It is assumed that the heat gained by the water and calorimeter from 

room temperature is equivalent to the heat loss from the aluminium pot sample. 

 

RESULTS AND DISCUSSION 

RESULTS:  

The results obtained are displayed in Table 2 and Figures 1, 2 and 3. 

Table 2: Tabular presentation of the analyzed results. 

 Sample 1 Sample 2 Sample 3 

Room temperature (0C) 24.0 25.3 25.5 

Mass (gm) 53.0 100.0 153.0 

Diameter (cm) 10.93 10.46 11.03 

Thickness (cm) 0.252 0.388 0.640 

Area (m2) 9.384 x 10-3 8.594 x 10-3 9.556 x 10-3 

Rate of change of temperature with 

time (oC/secs) 
19.02 10.39 6.86 

Quantity of heat supplied (Watt) 907.511 935.125 945.162 

Temperature differences (oC) 1.50 2.60 3.90 

Density (Kgm-3) 2710.43 2710.43 2710.43 

Specific heat capacity (JKg-1K-1)   900.32 900.32 900.32 

Thermal conductivity 

(Wm-1K-1) 
162.47 162.38 162.31 

Thermal diffusivity (m2s-1) 6.658 x 10-5 6.654 x 10-5 6.651 x 10-5 
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Table 3: Lists of some common pots found in the market and their various thermal 

conductivities, specific heat capacity and density. 

Materials (pots) Thermal 

conductivity 

Specific heat 

capacity 

Density  

Stainless-Steel 16 Wm-1K-1 500 JKg-1K-1 7930 Kgm-3 

Cast Aluminium 162.36 Wm-1K-1 900.32 JKg-1K-1 2710.43 Kgm-3 

Cast Iron 80 Wm-1K-1 460 JKg-1K-1 7900 Kgm-3 

Carbon-steel 51 Wm-1K-1 500 JKg-1K-1 7850 Kgm-3 

Copper 401 Wm-1K-1 390 JKg-1K-1 8900 Kgm-3 
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Fig.1: Graph showing the thermal conductivities of commonly used pots in contrast with cast aluminium 

pot. 
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Fig. 2: Chart representing the values of the specific heat capacities of commonly used pots and the cast 

aluminium pot 
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Fig. 3: Comparison chart representing densities of pots 
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DISCUSSIONS 

Pots samples obtained from the local pot manufacturers were made from beverage cans collected within 

Jos city. Cast aluminium is the resulting product created after molten aluminium is poured into a mold. 

Aluminium cookware was originally created by matching each pan from a solid block of aluminium. This 

raw material, however was softer and more sensitive to heat, highly reactive with alkaline and acidic 

food. This caused both warping and pocking. Casting successfully created a harder, more durable 

aluminium product, addressing both issues. 

Thermal Conductivity 

Plain aluminium utensils are low-cost, light weighted and thermally responsive but it is reactive. The 

thermal properties of cast aluminium pots varies from one another depending on the type and nature of 

materials used in making the pot. In most local manufacturers of these pots in Jos, beverage cans (usually 

made of alloy of aluminium) are used in pot and pan making. These cans are subjected to coal heating to a 

high temperature of about 6600C and above which is the melting point and then, pots and pans are casted 

from the molten material. Although these materials are not heat treatable which means that their thermal 

property do not change with heating or change of state, this makes it suitable for making pots and pan. 

From table 1, the average thermal conductivity of the cast aluminium pots was obtained to be 162.36Wm-

1K-1. Compared with stainless steel (16Wm-1K-1), cast iron (80Wm-1K-1), carbon-steel (51Wm-1K-1), and 

copper (401Wm-1K-1) pots, it is evident that copper has the highest thermal conductivity. This makes pots 

and pan made from copper more preferable for cooking ware but the drawback is that, copper readily 

reacts with acidic food. This fact makes it rare for copper pots to be found in the market and used at 

homes except for specific purposes. Stainless-steel has the lowest thermal conductivity in comparison. 

The effect of this is that it will require more time to transfer energy through the layer of stainless-steel 

pots to heat up cuisines in the material. Cast aluminium has a moderately high thermal conductivity of 

about 162.36Wm-1K-1. This indicates that it will therefore conducts more heat through its layer and hence, 

time sufficiency and rarely reacts with food, hence health safety. 

Specific Heat Capacity 

 From Figure 2, cast aluminium has the highest heat capacity of about 900.32 Jkg-1K-1. Stainless-steel and 

carbon-steel pots has the same value of 500Jkg-1K-1.  While cast iron and copper has 460Jkg-1K-1 and 

390Jkg-1K-1 respectively. This implies that cast aluminium pots can hold a large amount of thermal energy 

in for a low mass or temperature change. The amount needed to raise the temperature of 1kg of cast 

aluminium pot or pan is relatively high compare to other pots. The heat capacity determines the how pot 

will heat up and how the heat will flow evenly. Due to the fact that cast aluminium has the highest heat 

capacity and relatively high thermal conductivity in comparison, it will take shorter time to heat up food 

due to its conductivity and more energy to raise its temperature due to its specific heat capacity. 

 

CONCLUSION 

The thermal conductivity of some cast aluminium pots made in Jos have been studied. Thermal 

conductivity as a constant value does not vary with the size or thickness of pots or pan rather the nature 

and composition of the materials used in its production, it only has effect on the quantity of heat needed to 

raise the temperature of its content. In terms of time efficiency, cast aluminium pots saves much time 

during cooking as it has moderately high thermal conductivity compare to other pots but copper. More 

heat energy will be needed during cooking with cast aluminium pots and pan as it has a very high specific 

heat capacity. Cast aluminium pots have more advantage compare to other pots has its density is low, 

good thermal diffusivity and does not produce hot spot a situation when the center of the pot starts to burn 

during cooking while the cuisine is not ready. 
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