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      [image: The operating phases of an eVTOL need varying amounts of power; some require the battery to discharge high amounts of current rapidly, reducing the distance the vehicle can travel before its battery must be recharged. Credit: Andy Sproles/ORNL, U.S. Dept. of Energy]





                            

                        

                        
                                                        
                                More than flying cars: eVTOL battery analysis reveals unique operating demands
                            

                        

                    

                
                    

    



                
    

  



            

            

                                    
                        

            
                            
                    
                        
                            
  
      [image: Silica scaling in industrial water treatment systems occurs when dissolved silica precipitates out, forming solid deposits that reduce equipment efficiency and life span, increase maintenance costs and risk system failures. Credit: Adam Malin/U.S. Dept. of Energy]
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      [image: Chelsea Chen, polymer physicist at ORNL, stands in front of an eight-channel potentiostat and temperature chamber used for battery and electrochemical testing. Credit: Genevieve Martin/ORNL, U.S. Dept. of Energy]
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                        Delivering scientific discoveries and technical breakthroughs
The Physical Sciences Directorate (PSD) conducts highly integrated basic and applied research programs that develop new materials, chemical processes, and technologies for energy generation and storage and environmentally benign energy use. Our research encompasses foundational science in chemistry, materials science, nanoscience, and physics.
Our scientists work in a collaborative environment to develop composites and alloys to withstand the extreme environments in nuclear and fusion reactors, understand why there is more matter than antimatter in the universe, design new catalysts for clean energy, support the search for new superheavy elements, develop strong lightweight materials for energy-efficient transportation, enable safe high-performance solid-state batteries, advance direct air capture of carbon dioxide, develop self-healing polymers for energy-efficient buildings, and advance new materials for quantum sensing and quantum computing. 
Our R&D portfolio spans from scientific discovery to technology transfer. It integrates precise synthesis and advanced processing methods with theory, modeling and simulation, and state-of-the art characterization tools, using ORNL’s signature strengths in high-performance computing, data science, and neutron scattering. PSD is also home to the Center for Nanophase Materials Sciences.
Over the next decade, PSD will deliver the foundational knowledge needed for the discovery, design, synthesis, and fabrication of next-generation materials with novel structures, properties, and function to address pressing energy, environmental, and national security challenges. We will deliver fundamental insight regarding chemical transformations and energy flow in systems and provide an understanding of the origin and nature of matter. We will move beyond current approaches to scientific discovery and drive a “science of the future” strategy by integrating high-performance computing, data science, and artificial intelligence with materials synthesis, fabrication, and characterization to accelerate the innovation cycle. We will take advantage of advances in precision synthesis, quantum information science, neutron scattering, and characterization across length and time scales to redefine how the world makes, understands, and uses materials.
Discover current opportunities to join our team.
 


                
    

  



    

      



                
                    
                            
                                    
                                      

  
    

                          
    
    
                
            
      [image: a woman using a microscope]




          


          
      
      



                
    

  



                        
                            
                        
                                    
                                

                
                    
                

            
            



    



  
    

                        



    
        
            
                
                    Contact

                

                
                    Cynthia J  Jenks
                


                                    
                        Associate Lab Director, Physical Sciences
                    

                
                                    
                        jenkscj@ornl.gov
                    

                            

            

                                    

  
    

                          
    
    
                
            

  
    

                          [image: Cynthia Jenks]




                
    

  



          


          
      
      



                
    

  



                
            

        

    




                
    

  



    




      



  


                                


        


        


        
    
        
  
    
        
          


      



    



            
        
  
    
        
          


    

            

	


	
		
							Virtual Tours

			
			

				
					
                            
                                                   

	

  
            
          

  
    

                          
    
        
        
            
                  [image: Photo of CNMS tour]



                
                    View a hi-res version of this image
                

            

        




        

      
      



                
    

  



          

          
          

  
    

                        Center for Nanophase Materials Sciences

                
    

  




          

  
    

                        Explore a range of lab spaces and equipment used in nanoscience research at this DOE Office of Science user facility.


                
    

  



          

                  Learn More
        
      


                                                                       

	

  
            
          

  
    

                          
    
        
        
            
                  [image: science center]



                
                    View a hi-res version of this image
                

            

        




        

      
      



                
    

  



          

          
          

  
    

                        Ultra-Trace Forensic Science Center

                
    

  




          

  
    

                        Roam the 36,000-square-foot facility dedicated to ultra-trace chemical analysis. 
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                        Visit Neutrino Alley and walk alongside detectors used in the COHERENT experiment, which seeks evidence of hard-to-spot interactions between ghostly neutrinos and atomic nuclei.
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      [image: In a win for chemistry, inventors at ORNL have designed a closed-loop path for synthesizing an exceptionally tough carbon-fiber-reinforced polymer, or CFRP, and later recovering all of its starting materials.]






                
    

  



    

    
        New process allows full recovery of starting materials from tough polymer composites 
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      [image:   Scientists applied a simple approach for growing hBN films on the surface of ubiquitous steels and other metal alloys to “armor” them and thus increase their capabilities. Credit: Adam Malin/ORNL, U.S. Dept. of Energy]
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