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INVITED LECTURE

Prof. Dr. Milos B. Djukic, University of Belgrade

The complexity of hydrogen embrittiement
and challenges in repurposing of natural

gas pipelines for hydrogen

Abstract

Component failures due to hydrogen embrittlement (HE)
were observed in different industrial systems, including
high-pressure hydrogen storage tanks, pipelines, high-
strength alloy components, and process industry compo-
nents. Numerous contemporary studies confirmed multi-
ple activities and synergistic effects of HE mechanisms in
steels and other metallic materials.

The coexistence and synergy of different HE mechanisms,
including the hydrogen-enhanced localized plasticity
(HELP) and the hydrogen-enhanced decohesion (HEDE),
were recently formulated and confirmed as the unified
HELP+HEDE model for HE in metallic materials. The HE of
the natural gas pipelines repurposed for hydrogen trans-
port can be one of the main reasons for the decline of the
pipeline’s reliability and integrity.

Blending hydrogen into existing natural gas pipelines and
hydrogen transport is now being actively considered as
part of the decarbonization strategy in Europe, and else-
where; the key impediment is the possibility of hydrogen
embrittlement and hydrogen-induced cracking of steel
pipelines. The reliability assessment, structural integrity,
and remaining life of corroded aged gas pipelines and
new hydrogen pipelines are necessary for improved main-
tenance of pipelines exposed to corrosion for hydrogen
transport. Therefore, it is imperative to implement a com-
prehensive scientific and technical assessment program
for repurposing.

Milos B. Djukic

Milos B. Djukic is a

full professor at the
University of Belgrade,
Faculty of Mechanical
Engineering, Belgrade,
Serbia. He is also an
adjunct professor at
Ohio University, Athens,
OH, USA. His research
interests include hy- \ 3 /

drogen embrittlement, le ST MBS
hydrogen-materials

interactions, corrosion and materials science, mate-
rials degradation, and the mechanical behavior of
materials. He is the head of the Hydrogen-Materials
Interaction Laboratory. He was included in the 2023
and 2024 list of the 2% most cited researchers
worldwide, published by Stanford University and
curated by Elsevier.

Prof. Djukic is a team member in preparation of the
Hydrogen Strategy of the Republic of Serbia and
an Executive Committee Member of the European
Structural Integrity Society (ESIS). He is an elected
Fellow (FESIS) of the ESIS. He also serves as the
chair of ESIS Technical Committee TC21 on Hydro-
gen Embrittlement and Transport. He is an assis-
tant subject editor for the International Journal of
Hydrogen Energy by Elsevier and a member of the
editorial board of 18 international journals.

With over 25 years of teaching and research
experience, Dr. Djukic has published 5 books, 10
book chapters, 1 patent, 3 technical solutions, 100
peer-reviewed scientific papers, and 120 confer-
ence articles. He has contributed to more than 200
industrial studies, reviews, and expertise.

Prof. Djukic scientific research focuses on the
fundamental understanding of hydrogen embrit-
tlement mechanisms in metallic materials and
hydrogen-materials interactions. He proposed the
novel hydrogen embrittlement model in metallic
materials based on the synergy of mechanisms.
This so-called unified HELP+HEDE model for hydro-
gen embrittlement has been widely accepted and is
highly cited with more than 900 citations.
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