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HEAT GENERATED BY A NANOMODIFIED COMPOSITE MADE 
WITH SILICONE AND A CNT/GRAPHITE FILLER 

Alexander V. Shchegolkov, Viktor S. Yagubov 

Tambov State Technical University, Tambov, Russia 

Abstract. Research in the field of functional nanomaterials is of relevance for the future development of technologies 
that are based on electrical-into-thermal energy conversion. This paper describes a study that looked at the temperature 
regimes of pilot self-regulating electric heaters. The paper describes a technique for the manufacture of silicone modi-
fied with carbon nanotubes and graphite, as well as a method for mounting electrodes designed to connect pilot self-
regulating electric heaters. A study was conducted to understand the distribution of the temperature field on the surface 
of electric heaters designed as flat plates with the following dimensions: 50×50×2 mm and 60×40×2 mm. The dynamics 
of the direct electric current flowing in the electric heater was studied in relation to the ambient temperature. It has been 
established that the operating voltage for electric heaters depends on the concentration of carbon nanostructures and 
graphite. Concentrations of fillers containing carbon nanostructures were established that would be optimum for 12 and 
24 V DC heaters. Through thermogram analysis done with a special software programme, temperature distribution 
charts were built, and the temperature regimes were analyzed for heaters with different concentrations of carbon 
nanostructures. Temperature dependences of power are described for the pilot 12 and 24 V DC heaters. For the 24 V 
DC heater, the heat dissipation power was 3 W, while the maximum heating temperature would reach 70°C. The power 
of the 12 V DC pilot heater was 8.3 W. The temperature dependence of the heater power indicates a nonlinear depend-
ence between the temperature and the material resistance and characterizes it as a self-regulating material. 
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. 1.       

Fig. 1. Composite for pilot electric heaters: Production process flow chart

 

. 2.    
    

Fig. 2. Nanomodified composite built 
between two conducting electrodes 
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Grain rotation after the 1st and 2nd heat treatment cycles 

 
/  

 -
  

,  

  
 

1 12 15 . %  + 14 .% 
 

2 24 14,5 . %  + 11 
.%  

 
     

    
   1 ( . 3) «ORACAL 

640» («  », , ). 
     

    
 2 ( . . 3)   

 1,5     « -60».  

 

. 3.    
   

Fig. 3. A pilot laboratory electric heater 
with conducting electrodes 
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. 4.   

Fig. 4. Measuring bench 
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Fig. 5. A bench for testing electric heaters at subzero temperatures:  
 – Sketch of the bench; b – General view of the bench 
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Fig. 6. Thermogram of the self-regulating 12 V DC heater:  
a – Thermal imaging of the pilot heater, b – Temperature distribution chart 
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. 7.   ,    24   

   
Fig. 7. Thermogram of the self-regulating 24 V DC heater 
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Fig. 8. Temperature dependence of power 

in the pilot 12 V DC heater 
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Fig. 9. Temperature dependence of power 
in the pilot 24 V DC heater during chamber cooling 
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