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Structure of MatHias
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Materials and properties

Material Production method Microstructure YS/TS (BM)
[MPa]

X52 Normalised Ferritic-pearlitic 426 /620

(L360NE) (~ 16 % pearlite)

X60 Mechanical rolling Ferritic-pearl.it?c 505/ 578

L415ME [ X60ME-PSL2 / granular bainite

X65 SAWL F-P, DSAW welded X-conf.  Ferritic-pearlitic 472573

(vintage pipe, 38 of use) double-joint

X70-1 Thermomechanical rolling,  Bainitic 594 [ 658

(fresh modern small accelerated cooling (ME) (~ 2% C-rich features)

pipe)

X70-2: MODEL Thermomechanical rolling,  Bainitic 606 [ 705

(fresh modern large pipe)
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Mechanical properties and test
methods

In situ H-charged mechanical testing (SINTEF, VTT, University of Oulu)
- Small-punch tests

- Slow-strain-rate tensile tests (SSRT)

- Fracture toughness testing

--> Comparison of pipeline steel grades
—> Fracture toughness as a function of hydrogen pressure & temperature
—> Equivalent conditions

First results:
- The model material X70 behaves ductile even at -80 °C (in air)
- First hydrogen-charged tests done, mixed results under exposure to H
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Small punch tests
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Hydrogen charging — equivalency between
electrochemical and gaseous conditions
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Equivalent fracture mechanics test
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Pre-charging

* Pre-charging of
Charpy speciments,
current density of
-50 mA/cm?2v

* 3.5 wt.% NaCl

* 3 weeks pre-charging
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Low-temperature HE mechanisms

— Tool established: hydrogen diffusion is coupled with dislocation dynamics model
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WP3 Low-temperature HE mechanisms

— Tool established: hydrogen diffusion is coupled with dislocation dynamics model

Hydrogen distributio

Dislocation structure
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Material database and common Nordic
protocol

Eonsideration for Data reposito Potential use
Data collection and storage P Y

/ Open Source \

Published Efficient data Comparison for
scientific results scientific benefit

Research partners

What kind of data and how
can you best provide it ?

Supplementary Prediction of H2

Industrial partners Data susceptibility of steels via ML

Proprietary
Development of novel H2-
resistant materials

What kind of data and how

would you prefer to access it ? Industry-specific

data

Data type, structure, storage, accessibility

. .
. Nordic
@ Nordic Energy o]@]e Hydrogen Valleys : P i
Research +® as Energy Hubs MatHias - Vigdis Olden, Nordic Hydrogen Valleys Conference 2025



Dissemination

Upcoming disseminations of the results during 2025:
ASTM Conference on Hydrogen in Materials, La Rochelle — France, 3-6/6

-Vigdis Olden: "MatHias project presentation and current status” (the project)

- Behnam Mirshekari: “Interaction of hydrogen with modern and vintage pipeline steel microstructures” (WP1)

- Chandrahaasan Soundararajan: “"Accelerated hydrogen embrittlement screening via Small Punch Test: Case study on
X70 pipeline steel” (WP1, WP3)

- Haiyang Yu: "Hydrogen-dislocation interactions simulated with the DDD approach” (WP3)

Pressure Vessels and Piping conference, Montreal-Canada, 20-25/7/2025
- Sebastian Lindqvist: “Influence of Hydrogen on Low Temperature Fracture Toughness Behavior of Pipeline Steel X70 in Nordic
Operation Conditions”

Steel&Hydrogen, International Conference on Metals and Hydrogen, Ghent — Belgium, 14-16/10
- Behnam Mirshekari: "Unravelling the role of temperature on hydrogen embrittlement in pipeline steels”
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A comprehensive review on HE

Chemical Reviews » Vol 124/1ssue 10 > Article s o = e

Cite Share Jumpio Expand CHEMlCAL

Chemical Reviews
Cite this: Chem. Rev. 2024,124,10,6271-6392

REVIEW | May 9, 2024

Hydrogen Embrittlement as a Conspicuous Material Challenge—Comprehensive
Review and Future Directions

Haiyang Yu*, Andrés Diaz, ¥ulu, BinhanSun, Yu Ding, Motomichi Koyama, Jianying He, Xiao Zhou, Abdelali Qudriss, Xavier Feaugas, and Zhiliang Zhang*

https://doi.org/10.1021/acs.chemrev.3c00624
Published May 9, 2024 Vv

Copyright © 2024 The Authors. Published by
American Chemical Society. This publication is
licensed under CC-BY 4.0 .
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