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The objective of this six month Phase I effort is to establish the technical and economic feasibility of the nanotechnology-based repair concept to the specific application area of in-field gas pipeline repair.  Preliminary sleeving experiments performed before the onset of this program have shown that the high strength nanocrystalline metal can successfully “fill” cracks in pipeline steel.  However, very few proof-of-concept repair patches have been applied to actual degraded pipeline steel sections and the presumed structural reinforcement effect imparted by these high strength nanometal layers has not been yet verified or quantified experimentally.  Furthermore, information on how much the in-field pipeline repair process will cost has yet to be determined.   
The original Phase I proposal was therefore comprised of the following three (3) main tasks:

Task 1 – Proof-of-Concept Demonstration of the Repair Technique: gather degraded pipeline sections from industry contacts, apply nanometal repair sleeves, characterize the crack filling/bridging effect via metallography, and experimentally verify that the nanometal repair patch adhesion to the steel substrate is excellent
Task 2 – Laboratory Scale Mechanical Testing – demonstrate that the nanometal repair patch results in a considerable increase in the strength of the degraded pipeline section. 

Task 3 – Preliminary Cost Modeling 
1.1. Task 1 – Proof-of-Concept Demonstration of the Repair Technique
The first activity was to procure degraded pipeline steel sections from members of the oil & gas pipeline industry.  In Report #1, photographs of the cracked 36” OD pipe section provided by TransCanada Pipelines via Dr. Fraser King (supporting scientist to Integran USA) were shown.  Sections of this material have been subjected to nanoplating and the process to clean, activate, and nanoplate the pipeline steel has been established.  The degree of crack bridging / filling that has been accomplished so far is shown in Figure 1 below.  The depth of this particular section of the crack is 80 µm while its width is approximately 5 µm.  It can be seen that the nanometal has penetrated the crack to a depth of approximately 20 µm, or one quarter its overall depth in this particular section.  Whether this layer of high strength nanocrystalline metal results in structural reinforcement or not is the topic of Task 2 (in progress).    
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	Figure 1 – crack in a section of pipeline steel (upper layer) coated with high strength nanocrystalline metal (bottom layer).  The contrast of the micrograph has been artificially distorted to make the nanometal crack filling effect visible.  


In addition to the TransCanada Pipelines material, James Merritt (DoT) has initiated contact with David McColske of NIST Boulder (Material Reliability) on our behalf for the purpose of providing cracked pipeline sections to Integran.  David has identified a suitable section and is preparing it for shipment to Integran.
120° 3-point bend adhesion testing has been carried out to confirm that the bond strength of the nanometal layer to the underlying pipeline steel is excellent.  A photograph of a representative sample is shown in Figure 2.  It can be seen that as the ductility limit of the high strength metal coating is exceeded, the coating fractures but remains adherent to the steel substrate.  A coating with a poor bond (adhesion) strength would have simply spalled or flaked off from the substrate.  It is anticipated that this high bond strength is a critical condition for effective load transfer between the cracked steel and the reinforcing nanometal repair patch.
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	Figure 2 – photograph of a section of pipeline steel (top) coated with high strength nanometal (bottom) and then subjected to a 120° bend test.  The excellent adhesion of the coating layer to the substrate is evidenced by the lack of spalling or flaking of the nanometal away from the steel.  


1.2. Task 2 – Laboratory Scale Mechanical Testing
The original Phase I Workplan called for burst testing of the repaired pipeline samples produced in Task 1.  However, through dialogue with Dr. Fraser King and members of the pipeline industry from whom we have been attempting to procure degraded pipeline sections, a consensus was reached that burst testing is much too costly and thus unfeasible to be carried out as part of the current Phase I effort. Therefore, it makes more sense to postpone the burst testing to a future follow-on Phase II program as a characterization and analysis tool to experimentally verify the validity of the nanometal sleeving as an effective novel approach for in-situ repairing degraded sections of a gas pipeline.  This view has been echoed by Mr. James Merritt (DoT) in our Integran USA-DoT meeting of December 11th, 2008.  The plan for Task 2 is to carry out simple quasi-static tensile and 3-point bend testing of nanometal-coated cracked pipeline steel coupons and then graduate to burst testing later in the design cycle.  The machining of these test coupons is in progress.  
1.3.    Task 3 – Preliminary Cost Modeling
No activity so far.
1.4. Next Steps
The following are our plans for the final two months of this 6 month SBIR Phase I project:

1. Carry out tensile and 3-point bend testing of nanometal-coated cracked pipeline steel samples

2. Receive NIST Boulder cracked pipeline sample sections
3. Demonstrate nanometal electrodeposition onto the degraded NIST Boulder pipe samples; characterize degree of crack filling / bridging via standard metallographic techniques

4. Task 3 cost modeling






















