hydrogen induced cracking test

hydrogen induced cracking test is a critical procedure employed in materials
science and engineering to evaluate the susceptibility of metals and alloys
to hydrogen embrittlement. This test is essential for industries where metal
components are exposed to hydrogen environments, such as oil and gas,
chemical processing, and aerospace. Hydrogen induced cracking (HIC) can
significantly compromise the mechanical integrity of metals, leading to
premature failure and safety hazards. Understanding the mechanisms, testing
methods, and interpretation of results related to hydrogen induced cracking
tests helps ensure the reliability of materials under service conditions.
This article provides an in-depth overview of hydrogen induced cracking test
methods, the science behind hydrogen embrittlement, standards, and practical
applications. Readers will gain comprehensive insights into how these tests
contribute to material selection, quality assurance, and failure prevention.
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Understanding Hydrogen Induced Cracking

Hydrogen induced cracking (HIC) is a form of material degradation that occurs
when atomic hydrogen diffuses into metals and causes internal cracks. This
phenomenon is often associated with hydrogen embrittlement, where the
presence of hydrogen reduces the ductility and toughness of metals,
especially high-strength steels. HIC typically develops in environments where
hydrogen sulfide (H2S) or other hydrogen-generating conditions exist, such as
sour gas wells or corrosive chemical plants.

The process of hydrogen induced cracking involves several stages, including
hydrogen absorption, diffusion, accumulation at microstructural features, and
crack initiation and propagation. These cracks often appear parallel to the
metal surface and can coalesce into larger fissures, threatening the
structural integrity of pipelines, pressure vessels, and other critical
infrastructure.



Mechanisms Behind Hydrogen Induced Cracking

The fundamental mechanism of hydrogen induced cracking is related to the
interaction of hydrogen atoms with the metal lattice. Atomic hydrogen enters
the metal through corrosion, electrochemical reactions, or cathodic
protection processes. Once inside, hydrogen atoms migrate to areas of high
stress or defects such as grain boundaries and inclusions, weakening atomic
bonds and facilitating crack formation.

Several models explain HIC, including the hydrogen-enhanced decohesion (HEDE)
theory and hydrogen-enhanced localized plasticity (HELP) theory. Both
describe how hydrogen reduces the cohesive strength of the metal matrix or
promotes dislocation movement, respectively, leading to embrittlement and
crack growth.

Factors Influencing Hydrogen Induced Cracking

Several factors affect the susceptibility of materials to hydrogen induced
cracking, such as:

e Material composition and microstructure

Hydrogen concentration and pressure

Environmental conditions including temperature and pH

Mechanical stresses and loading conditions

Presence of sulfides or other corrosive elements

Common Methods of Hydrogen Induced Cracking
Testing

To evaluate the risk and degree of hydrogen induced cracking, various testing
techniques have been developed. These tests help identify materials that are
prone to HIC, assess welding procedures, and verify protective coatings or
treatments. The choice of test depends on the application, material type, and
environmental conditions.

Stepwise Hydrogen Charging Test

This method involves exposing a metal specimen to a controlled hydrogen
charging process, usually electrochemical, for a specific duration. After
hydrogen charging, the specimen is examined for cracks using microscopic or
ultrasonic inspection techniques. The stepwise approach allows correlation of



crack formation with hydrogen content and exposure time.

Hydrogen Embrittlement Sensitivity Test (HEST)

HEST measures the reduction in mechanical properties, such as tensile
strength and elongation, after hydrogen charging. Specimens are subjected to
a constant strain or stress while being charged with hydrogen, and the extent
of embrittlement is quantified by comparing pre- and post-test mechanical
data.

Hydrogen Induced Cracking Test According to NACE
Standards

The National Association of Corrosion Engineers (NACE) has established
standardized procedures for HIC testing, particularly NACE TM0284, which is
widely recognized in the oil and gas industry. This test uses a specific
solution that simulates sour environment conditions to promote hydrogen
uptake and evaluates crack formation in steel samples over a defined period.

Standards and Procedures for Hydrogen Induced
Cracking Test

Standardization of hydrogen induced cracking tests is vital to ensure
reproducibility, reliability, and comparability of results across different
laboratories and industries. Several organizations have published guidelines
detailing test specimen preparation, environmental conditions, test duration,
and evaluation criteria.

NACE TM0284 Standard

NACE TM0284, "Evaluation of Pipeline and Pressure Vessel Steels for
Resistance to Hydrogen Induced Cracking," is one of the most commonly used
standards worldwide. It specifies the use of a synthetic solution containing
sodium chloride, acetic acid, and sodium bisulfide to recreate sour service
conditions. Test specimens are immersed for 96 hours, and post-test
examination identifies cracks using visual, ultrasonic, or microscopic
methods.

ASTM Standards Related to Hydrogen Testing

ASTM International provides complementary standards such as ASTM G142 for
hydrogen permeation testing and ASTM F1624 for slow strain rate testing in
hydrogen environments. These methods assist in assessing hydrogen transport



and embrittlement susceptibility under various stress and environmental
conditions.

Test Procedure Overview

1. Specimen preparation, including surface cleaning and dimensional checks
2. Exposure to simulated sour environment or hydrogen charging

3. Controlled temperature and pressure conditions maintained during the
test

4. Post-exposure inspection using microscopy, ultrasonic testing, or dye
penetrant methods

5. Documentation of crack length, depth, and distribution for evaluation

Interpreting Test Results and Failure Analysis

Accurate interpretation of hydrogen induced cracking test results is crucial
for determining material fitness and predicting service life. The evaluation
focuses on identifying the presence, number, size, and location of cracks,
along with any impact on mechanical properties.

Crack Characterization

Microscopic examination reveals crack morphology, which typically includes
intergranular or transgranular patterns. The depth and length of cracks can
indicate severity and potential for propagation under service stresses. Non-
destructive testing methods such as ultrasonic inspection are used to detect
subsurface cracks undetectable by visual methods.

Material Performance Assessment

Test results are compared against acceptance criteria defined by industry
standards or project specifications. Materials exhibiting excessive hydrogen
induced cracking are deemed unsuitable for sour service or require mitigation
measures such as material substitution, heat treatment, or protective
coatings.



Failure Analysis Integration

Hydrogen induced cracking test data are often integrated into broader failure
analysis to understand root causes of component failures. Combining
metallurgical examination, environmental data, and operational conditions
enables engineers to recommend corrective actions and prevent future
incidents.

Applications and Importance in Industry

The hydrogen induced cracking test plays a pivotal role in industries where
hydrogen exposure is inevitable. It helps ensure the safety, reliability, and
longevity of critical infrastructure and components exposed to harsh
environments.

0il and Gas Industry

HIC testing is essential for pipeline steels, pressure vessels, and drilling
equipment subjected to sour gas containing hydrogen sulfide. Identifying
susceptible materials prevents catastrophic failures and environmental
disasters.

Chemical and Petrochemical Plants

Components used in hydrogen production, storage, and processing facilities
undergo HIC testing to assess resistance to cracking and embrittlement under
high-pressure hydrogen atmospheres.

Aerospace and Automotive Applications

Hydrogen induced cracking tests are increasingly relevant as hydrogen fuel
technologies advance. Materials used in hydrogen storage tanks and fuel cells
require evaluation to ensure performance and safety standards are met.

Benefits of Hydrogen Induced Cracking Testing

Prevents unexpected material failures due to hydrogen embrittlement

Supports material selection and qualification processes

Enhances safety in hydrogen-exposed environments

Reduces maintenance costs by identifying vulnerabilities early



e Ensures compliance with industry regulations and standards

Frequently Asked Questions

What is a hydrogen induced cracking test?

A hydrogen induced cracking (HIC) test is a procedure used to evaluate the
susceptibility of metals, particularly steels, to cracking caused by the
presence and diffusion of hydrogen within the material.

Why is hydrogen induced cracking testing important?

Hydrogen induced cracking testing is important because it helps ensure the
integrity and safety of materials used in hydrogen-rich environments, such as
pipelines and pressure vessels, by identifying materials prone to cracking.

Which materials are commonly tested for hydrogen
induced cracking?

Steels, especially carbon and low alloy steels used in oil and gas pipelines,
pressure vessels, and petrochemical equipment, are commonly tested for
hydrogen induced cracking susceptibility.

What standards are used for hydrogen induced
cracking tests?

Common standards for hydrogen induced cracking tests include NACE TM0284
(Standard Test Method for Detection of Susceptibility to Hydrogen Induced
Cracking in Steel) and ASTM G142.

How does the hydrogen induced cracking test work?

The test involves exposing steel samples to a hydrogen charging environment,
often wet sour gas or acidified solutions, then examining the samples for
cracks using ultrasonic or metallographic techniques.

What are the typical environments that cause
hydrogen induced cracking?

Environments containing atomic hydrogen, such as sour service (H2S
containing), acidic conditions, or cathodic protection scenarios, can lead to
hydrogen induced cracking in susceptible materials.



How long does a typical hydrogen induced cracking
test take?

The duration can vary but typically ranges from several days to weeks to
allow sufficient hydrogen absorption and crack development for detection.

Can hydrogen induced cracking be prevented?

Yes, prevention methods include using resistant materials, applying
protective coatings, controlling environmental conditions, and implementing
proper heat treatment to reduce susceptibility.

What are the signs of hydrogen induced cracking in
tested samples?

Signs include internal or surface cracks, blistering, and loss of mechanical
properties, which can be detected via ultrasonic testing, microscopy, or
visual inspection after testing.

How does hydrogen induced cracking differ from
sulfide stress cracking?

Hydrogen induced cracking is caused by hydrogen atoms diffusing into the
metal causing internal cracks, while sulfide stress cracking specifically
involves the combined effect of tensile stress and sulfide environments
leading to cracking.

Additional Resources

1. Hydrogen Induced Cracking: Mechanisms and Testing Methods

This book offers a comprehensive exploration of the fundamental mechanisms
behind hydrogen induced cracking (HIC) in metals. It covers various testing
methodologies used to detect and evaluate HIC, emphasizing laboratory and
field testing techniques. Readers will benefit from detailed case studies and
insights into material behavior under hydrogen exposure.

2. Materials Degradation by Hydrogen: Testing and Prevention

Focused on the degradation of materials due to hydrogen, this book delves
into the testing protocols designed to assess susceptibility to hydrogen
induced cracking. It also discusses preventive measures and mitigation
strategies to enhance material durability in hydrogen-rich environments. The
text is valuable for engineers and researchers working on corrosion and
material integrity.

3. Hydrogen Embrittlement and Cracking: Testing, Analysis, and Control
This title provides an in-depth examination of hydrogen embrittlement
phenomena, with a specific focus on cracking tests. It presents analytical



techniques for characterizing HIC and outlines control methods to minimize
risk in industrial applications. The book integrates theoretical concepts
with practical testing approaches.

4. Standards and Practices for Hydrogen Induced Cracking Testing

A practical guide that compiles industry standards and best practices for
conducting hydrogen induced cracking tests. It serves as a reference manual
for quality assurance professionals and materials scientists who need to
implement standardized testing protocols. The book also reviews the evolution
of testing standards over time.

5. Advanced Testing Techniques for Hydrogen Induced Cracking in Steels
This book highlights state-of-the-art testing technologies used to detect
hydrogen induced cracking in steel materials. It covers non-destructive
evaluation methods, electrochemical techniques, and novel sensor
applications. The content is tailored for researchers seeking to innovate
testing procedures in the field of hydrogen embrittlement.

6. Hydrogen Induced Cracking in Pipeline Steels: Testing and Mitigation
Targeting the oil and gas industry, this book examines the susceptibility of
pipeline steels to hydrogen induced cracking. It reviews testing protocols
specific to pipeline materials and discusses mitigation strategies to prevent
failures. Industry professionals will find practical guidelines for
maintaining pipeline integrity under hydrogen exposure.

7. Corrosion and Hydrogen Induced Cracking: Laboratory Test Methods

This text focuses on laboratory-based corrosion and hydrogen induced cracking
tests. It provides detailed experimental procedures, equipment descriptions,
and data interpretation techniques. The book is useful for laboratory
technicians and researchers involved in corrosion science and hydrogen
embrittlement studies.

8. Hydrogen Damage in Metals: Testing, Analysis, and Case Studies
Combining theoretical knowledge with real-world applications, this book
explores hydrogen damage in metals, particularly hydrogen induced cracking.
It presents case studies from various industries along with testing and
analytical methods used to diagnose and understand damage. The book is an
excellent resource for both academics and industry practitioners.

9. Fundamentals of Hydrogen Induced Cracking and Testing Techniques

This foundational text introduces the key concepts of hydrogen induced
cracking and the principal testing techniques employed to detect it. It
covers the science behind hydrogen-metal interactions and provides a step-by-
step guide to common testing procedures. Ideal for students and newcomers to
the field, it lays the groundwork for advanced study and research.
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