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    Abstract

        
            Pentaerythritol tetranitrate (PETN) is used throughout the stockpile as an energetic material. The formulation of PETN into XTX8003 (80% PETN, 20% Sylgard 182) creates an extrudable energetic composite. PETN and XTX8003 are used in the firesets for the retired W68 (MC2370) and the W76 (MC3028). When faced with potential lifetime extensions, energetic materials are naturally suspect regarding their output after prolonged aging. The authors have studied PETN and XTX8003 by looking at 25-year-old samples from retired MC2370s and newer materials. Both the old and new materials have also been placed in various accelerated aging protocols to investigate any decomposition that might occur over time. PETN is known to decompose autocatalytically even in the early stages of decomposition, but the process is poorly understood. Published values for the activation energy of decomposition vary by >40 kcal/mol. The 12 million year half life predicted for room temperature PETN would be dramatically shortened by chemical influences that lead to lower energy decomposition pathways. Degree of confinement, purity, and crystal size all influence degradation rates. In this paper, the authors observe the effects of chemical and thermal aging on PETN. They anticipate changes in mechanism at higher temperature aging, and before trying to extrapolatemore » to lower temperatures, they want to make sure that they understand the different chemical processed involved.« less

        

    


                        

    	Authors: 
	














    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    



    Shepodd, T; 
    

    Behrens, R; 
    

    Anex, D; 
    

    Miller, D; 
    

    Anderson, K
    







                	Publication Date: 
	Sat Nov 01 00:00:00 EST 1997


    	Research Org.: 
	Sandia National Lab. (SNL-CA), Livermore, CA (United States)


            	Sponsoring Org.: 
	USDOE, Washington, DC (United States)


            	OSTI Identifier: 
	650196


            	Report Number(s): 
	SAND-97-8684C
 ON: DE98050608; TRN: AHC2DT04%%109


                    	DOE Contract Number:  
	AC04-94AL85000


                	Resource Type: 
	Technical Report


                        	Resource Relation: 
	Other Information: PBD: Nov 1997


                        	Country of Publication: 
	United States


                	Language: 
	English


                	Subject: 
	45 MILITARY TECHNOLOGY, WEAPONRY, AND NATIONAL DEFENSE; CHEMICAL EXPLOSIVES; THERMAL DEGRADATION; AGING; DECOMPOSITION; PETN; EXPERIMENTAL DATA


                


                        
                            

                            
    
    Citation Formats

    
    
        	MLA
	APA
	Chicago
	BibTeX


    


    
            
        
            
                
                    Shepodd, T, Behrens, R, Anex, D, Miller, D, and Anderson, K. Degradation chemistry of PETN and its homologues.  United States: N. p., 1997. 
        Web.  doi:10.2172/650196. 
            

             Copy to clipboard

        
            
        
            
                
                    Shepodd, T, Behrens, R, Anex, D, Miller, D, & Anderson, K. Degradation chemistry of PETN and its homologues.  United States.  https://doi.org/10.2172/650196 
            

             Copy to clipboard

        
                
        
            
                
                    Shepodd, T, Behrens, R, Anex, D, Miller, D, and Anderson, K. 1997.  
        "Degradation chemistry of PETN and its homologues".  United States.  https://doi.org/10.2172/650196.  https://www.osti.gov/servlets/purl/650196. 
            

             Copy to clipboard

        

        
            
                
                    
@article{osti_650196,

  title        = {Degradation chemistry of PETN and its homologues},

  author       = {Shepodd, T and Behrens, R and Anex, D and Miller, D and Anderson, K},

  abstractNote = {Pentaerythritol tetranitrate (PETN) is used throughout the stockpile as an energetic material. The formulation of PETN into XTX8003 (80% PETN, 20% Sylgard 182) creates an extrudable energetic composite. PETN and XTX8003 are used in the firesets for the retired W68 (MC2370) and the W76 (MC3028). When faced with potential lifetime extensions, energetic materials are naturally suspect regarding their output after prolonged aging. The authors have studied PETN and XTX8003 by looking at 25-year-old samples from retired MC2370s and newer materials. Both the old and new materials have also been placed in various accelerated aging protocols to investigate any decomposition that might occur over time. PETN is known to decompose autocatalytically even in the early stages of decomposition, but the process is poorly understood. Published values for the activation energy of decomposition vary by >40 kcal/mol. The 12 million year half life predicted for room temperature PETN would be dramatically shortened by chemical influences that lead to lower energy decomposition pathways. Degree of confinement, purity, and crystal size all influence degradation rates. In this paper, the authors observe the effects of chemical and thermal aging on PETN. They anticipate changes in mechanism at higher temperature aging, and before trying to extrapolate to lower temperatures, they want to make sure that they understand the different chemical processed involved.},

  doi          = {10.2172/650196},

  url          = {https://www.osti.gov/biblio/650196},
  journal      = {},
number       = ,

  volume       = ,

  place        = {United States},

  year         = {Sat Nov 01 00:00:00 EST 1997},

  month        = {Sat Nov 01 00:00:00 EST 1997}

}
    
            

             Copy to clipboard

        
            
    



    
    



                        

                    

                    
                        

                
Technical Report:


    
                                     View Technical Report (0.31 MB)
                                

                            https://doi.org/10.2172/650196


    


    Save / Share:
    
        
        
            Export Metadata  
            
                	Endnote
	RIS
	CSV / Excel
	XML
	JSON


            
            
        

        
            Save to My Library
                    
                        
                            You must Sign In or Create an Account in order to save documents to your library.
                        

                    
            
                

        
            
                	
                    Facebook
                
	
                    Twitter
                
	Email
                
	Print
                
	
                    More share options
                    
                        	 LinkedIn
	 Pinterest
	 Tumblr


                    
            
                


            

        

                
    


                    

                

            
                    
            
            
            
                
                
                
                
                

            
            
                    
            
            
            
            
            
            
            
                
                    

                        
                            
                                Similar records in OSTI.GOV collections:

                                
                                	
            










                    Aging of Pentaerythritol Tetranitrate (PETN)

                    
                        Technical Report
                            Foltz, M
                            

                    Pentaerythritol tetranitrate (PETN) is a relatively sensitive explosive used in many electroexplosive devices as well as in medicine. Of primary interest to LLNL is its use in items such as exploding bridgewire (EBW) detonators and exploding bridge foil initiators (EFI). In these devices the crystalline powder is pressed into a granular, low-density compact that can be initiated by an exploding wire or foil. The long-term stability of this pressed compact is of interest to weapon stockpile lifetime prediction studies. Key points about potential aging mechanisms can be summarized as follows: (1) There are a number of factors that can contributemore » to PETN instability. These include particle size, polymorphic phase transitions, crystal structure, impurities, moisture, occlusions, chemical incompatibility and biological (microorganism) action. of these factors the most important for long-term aging of high surface area powders used in detonators appears to be that of particle size growth. (2) There is a great deal of literature on the thermal degradation kinetics of PETN, unfortunately much of it with little bearing on ambient temperature aging during long-term storage. PETN is very stable with respect to thermal decomposition. Low-temperature thermal studies have not revealed evidence of chemical degradation products in archived PETN. Data extrapolated to 30 C predicts a half-life of 12 million years. (3) Moisture seems to lower the activation energy for and accelerate the decomposition of PETN. (4) External drivers affecting stability include temperature, moisture, radiation fields, and stress, while internal drivers include residual solvents, and impurities. Temperature affects kinetic processes of crystal growth such as adsorption, desorption, and diffusion rates of molecules on the surface of PETN crystals. A low-level radiation field may induce unexpected changes in the chemical makeup of PETN and its homologue impurities. Stress at high pressure points caused by crystalline surface irregularities may cause a decrease in surface area over time due to smoothing of contact points and sintering. PETN has been found to contain a number of impurities, including homologues, pentaerythryl ethers with a mixture of hydroxyl and nitrate functional groups, and organic salts, that can alter its physical and chemical properties. (5) The processes of sublimation/recrystallization and surface diffusion are important processes that can cause changes in PETN crystal morphology, particle size distribution and specific surface area. Sublimation feeds a process called Ostwald ripening, which involves the spontaneous growth of larger crystals from those of smaller size. This process proceeds with age regardless of storage conditions unless the crystals are treated to retard growth. The coarsening mechanisms include Ostwald ripening, 'sintering', and surface diffusion. The latter has not been experimentally observed, but a molecular modeling approach has attempted to investigate this phenomenon theoretically. (6) Threshold test fire, particle size distribution, specific surface area, thermal analysis, chemical analysis, powder compact specific surface area and density are approaches that have been used in the attempt to assess changes attributable to aging of PETN, with varying results. The biggest problem lies in the aging mechanism itself, which likely influences small changes in morphology, both internal and external, and particle size distribution changes on a scale too small to reliably monitor. Other aspects, such as subtle changes in density profiles within pressed powder compacts, may be beyond the capability of current technology to assess. Crystal growth significant enough to affect the PETN particle size distribution is expected to impact detonator performance. (7) Factors relevant to stabilizing particle size growth include crystal morphology, powder surface area and particle size distribution; crystal density and internal defects; and powder compact density and density gradients.« less

                        
                            	https://doi.org/10.2172/966904
	Full Text Available


                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Investigation of Ambient and High Temperature Aging of PETN by Laser Induced Fluorescence and Ultraviolet Absorption Spectroscopies

                    
                        Technical Report
                            Dosser, Larry; Seliskar, Carl
                            

                    The chemical aging of pentaerythritol tetranitrate (PETN) has been and continues to be an important problem in producing and maintaining high energy compounds and components. The work done to date has identified several key concerns in evaluating the chemical and physical aging processes of PETN. These include the manner in which a particular type of PETN is prepared, the sample preparation procedure insofar as it can influence the adsorbed species on the solid PETN, and the methods of measurement and their influence on the quantitative determination on the gaseous decomposition products. In the work reported here, two noninvasive spectroscopic methodsmore » of measurement were chosen: laser induced fluorescence, which was used to monitor NO2, and ultraviolet spectroscopy, which was used to monitor NO. A unique sample vessel design permitted both measurements to be made on the sample, and these two species could readily be measured in the presence of one another. Adsorbed NO2, and its subsequent reaction to yield NO, was detected. Three types of PETN samples were aged at elevated temperatures, and varying amounts of NO and NO2 were detected, depending on the sample and the method of preparation. The results indicate that an in situ experiment is necessary to further investigate PETN aging.« less
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                    The Role of Pentaerythritol Tetranitrate (PETN) Aging in Determining Detonator Firing Characteristics

                    
                        Journal Article
                            Lease, Nicholas; Burnside, Nathan; Brown, Geoffrey; ...  - Propellants, Explosives, Pyrotechnics
                            

                    Pentaerythritol tetranitrate (PETN) is one of the most commonly used explosives for both military and mining applications. PETN is used in EBW (exploding bridge wire) and EFI (exploding foil initiator) detonator devices. Due the widespread usage of PETN, studies focusing on how the explosive changes with age, primarily its function in detonators has received particular interest. Aging studies have identified several factors that affect PETN detonator function over time, most notably the specific surface area of the explosive powder. Though small-scale studies have been performed on specific detonator systems with isolated batches of material, what is missing is a largemore » statistically-significant study focusing on PETN aging characteristics - such as powder coarsening - and their influence on detonator performance. Herein we report the first large statistically viable PETN aging study focusing on four batches of PETN powder from the same stock of PETN using two stabilizers, polysaccharide and TriPEON. PETN was aged both as a free-flowing powder as well as in modified EBW RP-2 detonators, for one month at 75 °C. The PETN powder has been analyzed chemically using Fisher specific surface area analysis, SEM imaging and light scattering particle size analysis. Additionally the detonators were tested for performance through voltage-sweep threshold testing and function time measurements. Findings from the study indicate that aging at 75 °C for one month significantly changes the specific surface area and particle size of unstabilized PETN, leading to increases in detonator function time, but not detonator threshold values. Powders stabilized with TriPEON displayed less significant increases in function time, while powder stabilized with polysaccharide exhibited no aging effects, despite the high temperature aging.« less
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                    Effect of homolog doping on surface morphology and mass-loss rates from PETN crystals. Studies using atomic force microscope and thermo-gravimetric analysis

                    
                        Journal Article
                            Bhattacharya, S.; Maiti, A; Gee, R.; ...  - Propellants, Explosives, Pyrotechnics
                            

                    Pentaerythritol tetranitrate (PETN) is an important energetic material and its performance as a secondary explosive depends strongly on the density as well as flow porosity of powdered material, which in turn is governed by the size and surface properties of the PETN crystallite particles. Historically there has been evidence that the surface properties of PETN particles can be strongly influenced by the presence of homolog impurities of PETN, in particular, dipentaerythritol hexanitrate (diPEHN) and tripentaerythritol octanitrate (triPEON), although not many systematic studies characterizing such influence exist. In this work we employ thermogravimetric analysis (TGA) to measure mass-loss rates at elevatedmore » temperatures and show that doping with a small amount of diPEHN and triPEON can reduce the mass-loss rate from PETN single-crystal surfaces by as much as 35 % as compared to undoped crystals. Arrhenius plots of mass-loss rates as a function of temperature suggest that the reduction in evaporation is not due to the change in activation barrier of the molecular evaporation process, but perhaps due to the impedance to the receding motion of the steps by the immobile impurities on the surface. Removal of surface impurities through gentle washing with ethanol leads to enhanced mass-loss rate relative to pure PETN suggesting a roughened surface morphology. Some surface roughening in doped crystals is supported by Atomic force microscopy (AFM) images of growth layers that show evidences of growth layer stacking and rough edges. Furthermore, we find that a larger amount of impurity added to the original solution does not necessarily lead to a more highly doped crystal, which could perhaps be interpreted as PETN crystals being able to accommodate only up to a certain weight percent of homolog impurities.« less
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                    PETN Coarsening - Predictions from Accelerated Aging Data

                    
                        Journal Article
                            Maiti, Amitesh; Gee, Richard - Propellants, Explosives, Pyrotechnics
                            

                    Ensuring good ignition properties over long periods of time necessitates maintaining a good level of porosity in powders of initiator materials and preventing particle coarsening. To simulate porosity changes of such powder materials over long periods of time a common strategy is to perform accelerated aging experiments over shorter time spans at elevated temperatures. In this paper we examine historical accelerated-aging data on powders of Pentaerythritol Tetranitrate (PETN), an important energetic material, and make predictions for long-term aging under ambient conditions. Lastly, we develop an evaporation-condensation- based model to provide some mechanistic understanding of the coarsening process.
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