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Clean Energy Initiatives Are Gaining Global Momentum

Steel

Hydrogen can be extracted from 

natural gas and other fossil fuels 

commonly known as “blue” 

hydrogen, or from renewable energy 

sources or from water by electrolysis, 

termed “green” hydrogen.

Hydrogen, the most abundant 

chemical substance in the universe, 

may, as an energy carrier hold the 

key to the inevitable and needed 

transition from fossil fuels to 

renewable energy.



Opportunity
• The world needs energy - macrotrend is the 

decarbonization of the source of power

• Hydrogen is gaining momentum as the centerpiece of clean 
energy initiatives

• Global economic impact is estimated at $1T by 2035 
(estimate from various sources)

• Is the infrastructure ready to connect supply and 
demand?  



Opportunity

• The answer: Pipelines

o Low density - Hard to store on a large scale or 
transport via road or ship

o Fast - Flows about three times faster than natural gas 
in pipelines

o U.S. Department of Energy identified pipelines as a 
good option

o Use existing pipeline infrastructure or add pipes to it



Is Coating an Option? 
• Challenge: Hydrogen embrittlement (HE)

• Goal: Determine if a coating can help 
mitigate the deleterious interaction between 
steel and hydrogen

• Testing for HE is an emerging area of 
interest

• No standard protocols exist for testing 
coatings as barrier to HE in new and 
existing pipelines 



Current Research

Converting natural gas pipelines to carry a 
blend of natural gas and hydrogen (up to about 
15% hydrogen) may require only modest 
modifications to the pipeline.

Converting existing natural gas pipelines to 
deliver pure hydrogen may require more 
substantial modifications. 

Current research and analyses are examining both approaches.



Effect of Hydrogen on the Elastic Properties of Materials

• Decreases the tensile ductility of 
carbon steels.

• Lowers fracture toughness

• Accelerates fatigue crack growth, 
even at relatively low hydrogen gas 
partial pressures



Factors Affect Hydrogen Effects

• Exposure time

• Environment 

• Temperature 

• Pressure

• Stress level and state

• Properties of material

• Microstructure

• Hydrogen content

• Surface conditions 

• Diffusion rates, etc.

There is consensus among researchers that hydrogen 

effects depend on wide range of factors:



Steel Strength vs. Hydrogen Effect

• The higher strength steels (X-70 and above) tend to 
be more susceptible to hydrogen attack compared 
to the lower grade steels such as X-42 and X-52

• X-80 pipeline steel is susceptible to hydrogen-
induced embrittlement in natural gas/hydrogen 
mixtures and HE susceptibility increases with the 
hydrogen partial pressure



Testing of Hydrogen Embrittlement (HE)
Specification Significance to HE Testing of Coated Pipelines

ASTM E8/E8M Measures the tensile properties of metallic materials – UTS, YS, Elongation, RA

ASME B31.12
General directive for Hydrogen Piping and Pipelines - Option B gives an overview of 

fracture toughness-based qualification of materials for pipelines transporting Hydrogen

ASTM F519 
Test method for mechanical failures resulting from Hydrogen embrittlement of 

electroplated metals - less applicable to coated pipelines

ASTM E1681 Test method for threshold stress intensity - less applicable to coated pipelines

ASTM G129
Test method for resistance of metals under stress compared to failure point - less relevant 

for testing HE of coated pipelines

NACE TM0198
Test method to measure slow strain rate for screening metal alloys in Sour Oilfield - less 

relevant for testing HE of coated pipelines

NACE TM0177
Most relevant method; designed for testing failures in H2S environment – used as a 

blueprint for a modified test method in H2 environment

NACE TM0185
Test method for Corrosion control of Internal Plastic Coatings of Tubular Goods by 

Autoclave - used as a blueprint for a modified test method in H2 environment



Proposed Test Protocol

• Fabricate suitable test specimens from high 
strength carbon steel (e.g. X-80) that is 
known to be more  prone to HE

• The test specimens will be in the form of 
machined tensile cylindrical samples as per 
guidelines in ANSI/NACE TM 0177-2016 
(Modified)

Steel



• ASTM mechanical tests on the steel samples: tensile test as 
per ASTM E8 in conjunction with ASTM  F519

• Determine the YS (yield strength), UTS (ultimate tensile 
strength), % elongation and % RA (reduction of area) of the 
material

• Expose uncoated and coated test samples in an autoclave 
under simulated operating conditions of the pipeline:

o Concentration of hydrogen gas

o Pressure and temperature

o Extended test duration

Proposed Test Protocol (continued)



Evaluation 
Tensile tests: 

• YS (yield strength)

• UTS (ultimate tensile strength)

• % elongation 

• % RA (reduction of area) of the material

SEM (Scanning Electron Microscopy):

Morphology investigation on the fracture 
interface



Concluding 
Remarks 

Effect of Hydrogen on metals are complex and elusive 
despite decades of research

• Diffusion of Hydrogen through coatings have not 
been thoroughly studied

Primary objective of this presentation is to propose a 
test protocol for coated pipelines for Hydrogen 
transportation

• Testing the coated specimen (coating + metal) is 
the subject of this study

• Testing the coating as a standalone system for 
hydrogen diffusion/rates has its own challenges 
and is “Outside the scope of this study”



Concluding 
Remarks 

A standard protocol for testing Hydrogen permeability 
through coatings/films does not exist

• Next phase of this research will have this objective 
as the focus point of a new study to converge to 
the end-goal of validating coatings as barriers to 
Hydrogen embrittlement in pipelines



Thank you!


