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Materials Compatibility/Components Scope 
Objective: To highlight hydrogen component R&D 
gaps and outline activities needed to support 
component safety/reliability system deployment 

• H2USA/H2FIRST Organizations 
• National Lab Activities 
• Component Supplier Perspective 
• R&D Gaps/Future direction 
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Component/Deployment Activities 
H2USA 

H2FIRST 
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H2FIRST supports H2USA and is integrated 
with the Stations Working Group 
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Approach 

Stakeholders Partners Programs 

Delivered 

On-site 

• Identify "high probability for success opportunities" for timely 
advancement of near-term fueling stations. 

• Identify and develop common laboratory capabilities that can serve 
many purposes for advancing hydrogen fueling technologies. 

• Ensure relevance of activities through appropriate industry 
engagement. 
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DOE National Laboratory Role in 
Hydrogen Component 

Development 
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National Laboratory role in Hydrogen Component Safety  

• Provide R&D support to industry  
o Testing and analysis of components and systems 

• Collaborations such as HSUSA and H2FIRST 
provide framework for component safety 
efforts 

• Gain understanding of known failure modes 
• Work with codes and standards organizations 

to provide technical basis for requirements 
• Outreach activities include workshops, 

presentations and publications 
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Hydrogen Relief Valve Safety/Reliability Test 

• Pressure 
relief valve 

• High strength 
nozzle inlet 
sub assembly  
 

Inlet 

Outlet 

Nozzle Subassembly 
440C Martensitic SS  
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Known Failure (relief valve) 

Polished cross sections of (a) functioning nozzle and (b) 
failed nozzle 440C martensitic material. The arrows 
indicate the internal corner associated with failure of 
the nozzle.  

(b) 

Source: Sandia report SAND2012-5170 

(a) 
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PRD Inspection/Evaluation 

• Dye Penetrant Inspection 
– Use penetrating UV reactive liquid 

to inspect part for cracks 
• Ultrasonic (Pulse-Echo) Inspection 

– Use high frequency sound waves to 
map internal structure of 
component 

• Magnetic Particle Inspections 
– Similar to dye penetrant, but 

magnetic field is applied to part 
and fluorescent iron filings are used 
to indicate surface/subsurface 
cracks 

 

Collaboration with Colorado School of Mines Metallurgy Lab 
• Regular inspection of samples for crack growth and propagation using: 
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Dispensing Hose Testing 
• Working closely with the original equipment 

manufacturer, Spir Star, NREL’s hose 
reliability R&D project aims to improve the 
reliability and reduce the cost of 700 bar 
hydrogen refueling hose assemblies.  

 
• Unifying the four stresses (Pressure, 

Temperature, Mechanical and Time) in one 
high-cycling autonomous test apparatus is 
expected to reveal the compounding impacts 
of high volume 700 bar fuel cell electric 
vehicle refueling that has yet to be 
experienced in today’s low-volume market. 
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Approach 
• The approach includes performing 

chemical and physical analysis on 
hose material before and after 
testing to understand the relative 
changes in its bulk properties and 
material degradation mechanism.   

• Long-duration accelerated life testing in hydrogen is 
accomplished autonomously to simultaneously stress the 
hose assembly with realistic fueling protocols (pressure, 
time, temperature) and the mechanical stress applied to 
hose during the process of connecting and disconnecting 
the hose to the vehicle during the fueling event. 
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Component Supplier 
Perspective 
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Component Design for Hydrogen Service 

• Material selection for compatibility 
• 316L 
• 6061 
• Others (RRA acceptance criteria) 

• Added NDE inspection criteria 
• Flaw size criteria 

• De-rate specified pressure 
• Reduced stress 

• Reduced lifetime rating 
• Fatigue life criteria 
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Brittle material design considerations 

• Brittle materials are used for properties such as 
strength, conductivity, optics, hardness etc. 

• Understanding hydrogen effects on materials 
• Sandia National Lab: Technical Reference for Hydrogen 

Compatibility of Materials, source: 
http://www.sandia.gov/matlsTechRef/ 

• Design factors for brittle materials 
• Compressive loading will suppress crack growth 

– No tensile loading or residual tensile load 
• Non pressure bearing structure 
• Manufacturing quality control 
• Understanding failure modes and effects 



19 

NREL facility pneumatically operated valve 

High strength 17-4PH stem material is seating 
against dissimilar 316SS for reliable sealing surface 

Valve Stem 
17-4PH 

Valve Body 
316SS 

Outlet  

Inlet  

Needle valve design is used in NREL’s Energy Systems 
Integration Facility (ESIF) for vent system remote operation  
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R&D Gaps/Future Plans 
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Hydrogen Effect on Ductility (reduction in area) 

Hydrogen susceptibility as a function of yield strength for a range of 
structural alloys. The susceptibility is the ratio of reduction of area in a 

tensile test measured in gaseous hydrogen at pressure of 69 MPa relative to 
measurement in helium at the same pressure.  

Source: All data from Rocketdyne  
compiled by Sandia National Laboratories 
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Codes and Standards Progress 
• Codes/Standards  

• ASME KD-10 
– Special requirements for fracture resistance of all-steel 

vessels in Section VIII, Division 3 
• CSA CHMC1 

– Test Method for Evaluating Material Compatibility in 
Compressed Hydrogen Applications 

• SAE J2579 Appendix guidance 
• Approved materials – 316L, 6061 etc. 
• Certify material per CHMC1 testing 
• Complete component level cycle test 

• Component test results will be used as basis 
for improved codes and standards 
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Future Plans 
• Work with component suppliers to provide technical 

support for new high pressure hydrogen components  
• Component test projects (PRD’s, Hoses, Sensors, Nozzles, 

Receptacles, Meters)  
• DOE/NREL - Utilize new ESIF (Energy Systems Integration 

Facility) user facility to support infrastructure R&D needs 
• Energy Systems Integration Lab 
• High Pressure Test Cells 
• Sensor Test Lab 
• 70 MPa fueling 

• Coordinate with H2FIRST and H2USA 
• International collaboration 
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Thank You 
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