
       
  

     
           

              
           

                
              

              
             

                
               

                
           

             

            
             

            
            

                
            

               
            

              
              

               
              

             
             

                 
                

               
            

            
                 

            
          

                
            

               
              

   



 
   

           
                 

                    
                  

           
 

          
             

                 
                 

               
             

               
     

 
                   

               
                  

               
                   

                
          
             

              
              

               
             

                
                
            

              
              

   

    
                

                 
                

            
             
                 

                
                



                   
                

            
                 

               

 
              

              
              

         

        

  

     
       

         

                  
                

              
               

            

            
                 

                
                

               
              



        

     
 

         

              
                 

          

              
                

         
               

              
                  

                   
          
               

             
              

             
        
                
               

               
             

               
                 

             
          



         
         

  
              

        
 

            
             

     

               
               

                 
              

              
               

                   

   
  



test [11]. In the latter case, the heating for stack firing was faster, since the 3-layer stack was
fired by introducing the stack into the preheated furnace without heating ramp and the stack
was kept at 450 °C for 15 minutes only (compared to a heating ramp of 1 h and keeping at 450
°C for 30 minutes, as it was applied in case of the 5-layer stack). It is hypothesized that this
difference in thermal densification might be the reason for the better abrasion resistance of the
5-layer stack.
In general, the high abrasion resistance of interference layers prepared with the
nanoparticulate coating sols can be attributed to the very low surface roughness, which has
been determined to be only 6 nm in the case of a 3-layer stack [11], indicating a surprisingly
good arrangement of the surface modified nanoparticles in the wet layer. This aspect will be
investigated in more detail in the future.
In the rubber test on teh 5-layer stack, first damages of the filter surface could be detected in
microscpe after 300 cycles, wheras uncoated glass was already scratched after 200 cycles. In
the saline test, no degradation or delamination was detected after 11 days and in the UV-
stability test no yellowing could be measured after 360 h with 760 W/cm2 . Therefore, it can be
concluded that the filter fulfills the specs of industrial standards for optical coatings [15,16].

Conclusion
The nanotechnology for the coating sol preparation in combination with the ADDC technique
offers very promising aspects for the fabrication of NIR-filters with sufficient bandwidth for solar
energy control and low costs due to low number of layers and the stack firing process. Due to
the excellent stability of the filters, applications for single panel windows in the architecture
and the automotive field seem to be feasibele.
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