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Abstract: 

Manufacturing organizations are using a considerable amount of energy for their daily 

manufacturing operations and more than 60% of their total energy use is for thermal 

applications. Therefore, systems that use thermal energy as the main energy input for 

manufacturing operations continuously emit thermal energy to the environment, 

raising significant environmental, financial, human factors, and safety issues. 

Therefore, preventing the dissipation of thermal energy from manufacturing systems 

to their surroundings has become a priority in answering some of the most critical 

challenges. This could be done by improving energy efficiency and creating a safe 

workplace. However, due to the drawbacks of traditional insulation methods due to 

uneven hot surfaces and organizational rules and regulations on carcinogenic 

insulation materials, most organizations are moving toward environmentally friendly 

alternatives. Therefore, thermal insulation paints play an important role in substituting 

traditional insulations.  

This research aims to develop a thermal insulation paint by changing the type of 

pigment to minimize the thermal conductivity of the final coating mixture. A two-

factor factorial design was designed that considered pigment volume concentration 

(PVC) and additive percentage (Sodium polyacrylate) as variable factors and the 

thermal conductivity as the response variable. For each variable, nine different 

combinations of paint samples were considered at three different levels. In this 

experiment, tile body powder was selected as the pigment, polyvinyl acetate (PVA) 

as the binder and sodium polyacrylate (NaPA) as the dispersing agent, and the thermal 

conductivity of the final coating layer against the selected coating substrate was 

measured. Then a numerical relationship was developed between the thermal 

conductivity (K) of the final insulation coating layer and the percentage of the weight 

of the two factors. The results revealed that the pigment type is the most influential 

factor for the insulation properties or thermal conductivity. Hence, there is an 

opportunity to continue the same procedure to evaluate the insulation properties while 

changing pigment types, especially considering ceramic base materials.  

Keywords: Pigment, Pigments volume concertation (PVC), Thermal Conductivity (K) 
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