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BENEFITS 
Plastic pipe is the material of choice for natural gas distribution systems. While reliable and durable, like all 
underground facilities, plastic pipe is exposed to threats of encroachment and in particular third party 
damage. Efforts to further advance the mechanical properties, enhance resistance to slow crack growth and to 
add self-healing capabilities to the pipe will improve reliability of the delivery system and overall life. Such 
enhancements would further improve safety and potentially reduce the cost associated with maintenance and 
safety of the natural gas distribution system.  
 
BACKGROUND 
Polyethylene is widely used for pipes in the natural gas distribution system due to its light weight, flexibility, 
resistance to environmental threats, good resistance to crack growth, ease of installation, relative ease in 
incorporating fittings into a piping system and low cost.  Polyethylene and closely related resins are expected 
to continue being the dominant materials for the industry as the distribution system grows over the next 
decades.  
  
However, there are some potential advancements with plastic pipe that users would like to pursue in order to 
expand its performance.  In addition, new technologies that are now available to the natural gas industry 
could be applied in plastic pipe systems if additional or enhanced properties were present. The material 
parameters of increased tensile strength and Young’s modulus could allow operation at higher pressures.  
Increased impact resistance could extend life and prevent failure.  

                                                                                        
                                                                     Fig1: Self-Healing concept with microcapsules  

Next Generation Advanced or  
Self-Healing Plastic Pipe for  

Natural Gas Applications  
Description: A project dedicated to using new materials technology towards the development  
  of self-healing plastic pipe for natural gas piping applications  
Status:  Feasibility testing is underway to optimize the material/microcapsule mix for  
                        mechanical properties, manufacturing process and proper self-healing properties 
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Finally, the introduction of self-healing capabilities would allow plastic pipe to repair itself when 
compromised due to third party damage, thus eliminating the need for expensive and intrusive repair work. 

TECHNICAL APPROACH   
Before initiating the development program, NYSEARCH completed a systematic review of the pertinent 
materials literature to determine the state of the art in materials science of polyethylene materials.  In 
particular, work in the emerging field of nanomaterials was surveyed to identify new polyethylene-based 
materials with improved properties.  Nanomaterials are materials formed through the introduction of 
nanoparticles, nanofibers or carbon nanotubes in engineering materials to produce new materials with altered 
mechanical and other properties.  A significant body of work was identified in this area that showed that 
nanomaterials using polyethylene as their basic (matrix) material and incorporating various types of 
nanoparticles (fillers) can indeed offer improved properties on various fronts.   
 

                                                                      Fig 2: View of Mixing Lab for Tests                                            Fig 3: Embedded microcapsules /bending tests 
 
While a few different approaches have been experimented with regarding self-healing properties, the concept 
of incorporation of microcapsules containing a polymer precursor into the matrix material offers the highest 
promise. As can be seen in Figure 1, the matrix contains a randomly dispersed catalyst that reacts with the 
precursor, flowing through any crack formed due to damage and initiates polymerization. The polymer bonds 
the crack face closed with recovery up to 75% of the maximum tensile strength of the virgin material. 
 
In Phase II effort that is ongoing, the tasks focus on synthesizing Medium Density Polyethylene (MDPE) 
pipe test specimens with microcapsules filled with healing agent. Numerous specimens, with a range of test 
variables, are being tested to ensure that the optimal thermal and mechanical properties are possible for the 
processes of PE pipe extrusion as well as self-healing. Figure 2 shows the lab facility where the 
nanocomposites material is produced, while Fig. 3 shows a material analysis following a particular series of 
tests.  
 
PROGRAM STATUS 
NYSEARCH has partnered with nanomaterial experts and a PE pipe manufacturer to develop a self-healing 
pipe product that meets stringent manufacturing and industry safety standards.  The initial testing program 
has shown positive results for tensile tests designed to determine the material strength of the samples 
prepared with different levels/sizes of microcapsules and amounts of catalyst. Other bending and stress tests 
are also in progress. Following the specimen testing, full pipe samples will be prepared by our manufacturing 
partner and they will be fully evaluated. These tests will help to determine the full scope of developmental 
steps required including work needed to resolve issues associated with pipe fusion, attachment and 
manufacturing of fittings and ultimately a process to seek and obtain ASTM approval. 
  
For more information contact:    
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