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		Abstract

		Nanopores in organic shale reservoirs are of great significance for shale gas accumulation and carbon dioxide geological sequestration. To  explore  the multifractality and classification of nanopores in the Lower Cambrian Niutitang Formation shales, nine shale samples were selected from the well TX1 in North Guizhou, South China. Then, we conducted TOC analysis, XRD analysis and SEM to investigate shale material composition and nanopore morphology and low temperature N  2  and CO  2  adsorption experiments were used to quantitatively characterize the nanopore structure. The multifractal theory was applied to study the spatial distribution of nanopores. Results showed that  nanopores in Niutitang Formation shales are mainly organic pores with pore sizes less than 50 nm, followed by intraparticle dissolution pores; interparticle pores are rarely observed.  According to the results of the N  2  adsorption experiments, our samples can be divided into three types. Type I samples have the highest average pore size, whereas Type III samples have the highest pore volume and surface area  . Results of the CO  2  adsorption experiments indicated a trimodal distribution of measured pores. Our study revealed the multifractality of nanopores, and the complexity of pores measured via N  2  adsorption is stronger than that measured via CO  2  adsorption. Results of multifractal analysis via N  2  adsorption demonstrated that Type I samples have the strongest pore agglomeration and Type III samples have the most uniform pore size distribution. For nanopores measured via CO  2  adsorption, subtle differences exist in multifractal characteristics of the various samples. An increase in the pore volume measured via N  2  adsorption corresponds to a decrease in pore aggregation and heterogeneity and an increase in pore connectivity. For nanopores detected via CO  2  adsorption, no obvious correlations were observed between the pore structure and multifractal parameters. We propose a new nanopore-classification scheme based on pore heterogeneity and connectivity. Nanopores of the selected samples can be classified as micropores (< 10 nm), mesopores (10 â€“ 25 nm), and macropores (> 25 nm). Fractal properties of nanopores obtained from SEM images showed that mesopores have weaker heterogeneity and better connectivity than micropores and macropores,  which also indicates the reasonability of  our pore classification. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: Nanopores, Multifractal analysis, Pore classification, N2/CO2 adsorption, Niutitang shale

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	

























    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Tong,  Zhongzheng and Zhang,  Jinchuan and Li,  Zhen and Wu,  Yaning and Wang,  Dongsheng and Gong,  Dajian, Investigation of Organic-Shale Nanopores in the Lower Cambrian Niutitang Formation Using Low Temperature N2 and Co2 Adsorption: Multifractality and Classification.  Available at SSRN: https://ssrn.com/abstract=4070895 or http://dx.doi.org/10.2139/ssrn.4070895 
		
	

	

	
	
	

	
		
	

	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Zhongzheng Tong

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				affiliation not provided to SSRN  ( email )

			

			
			
				
				
				
					No Address Available

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jinchuan Zhang (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				China University of Geosciences (CUG)  ( email )

			

			
			
				
				
				
					Wuhan, China
Wuhan, Hubei 430074
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zhen Li

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				affiliation not provided to SSRN  ( email )

			

			
			
				
				
				
					No Address Available

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yaning Wu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				affiliation not provided to SSRN  ( email )

			

			
			
				
				
				
					No Address Available

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Dongsheng Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				affiliation not provided to SSRN  ( email )

			

			
			
				
				
				
					No Address Available

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Dajian Gong

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				affiliation not provided to SSRN  ( email )

			

			
			
				
				
				
					No Address Available

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research youâ€™d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       21

			

		
		
		
			Abstract Views

			      116

		

		
		
	


	

	
		
			
				       74 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
				
					

    
        
            Related eJournals

        	
                    Analytical Chemistry eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Analytical Chemistry eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               91

                                    

                                    
                                        PAPERS

                                            4,877

                                    

                                

                                
                            

                        

                    

                


        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		














	
		
			
				
                    

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit a Paper
                    
                        
                    
                
            

        
    
        
    
					Section 508 Text Only Pages
				

			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.198 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
