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SAFE TRANSPORT OF DRI FROM H2-
BASED DIRECT REDUCTION
CONSIDERING QUALITY-RELATED H-DRI
REACTIVITY, STABILITY, THE
EFFICIENCY OF PASSIVATION METHODS
AND HEALTH AND RECYCLING ASPECTS




Safe H-DRI is an RFCS-funded project dedicated to improving the safe handling,
storage and transport of hydrogen-based direct reduced iron (H-DRI). In support
of the transition towards climate-neutral steelmaking, the project investigates the
stability and reoxidation behaviour of H-DRI obtained from different iron ore
qualities and reducing atmospheres. A key objective is to identify and assess
passivation strategies capable of reducing risks associated with self-heating,
ignition, dust generation and other safety issues during storage, handling and
transport. The project also explores fines management and recycling solutions to
minimize material losses and enhance circularity.

Overall, Safe H-DRI aims to deliver the knowledge, procedures and
recommendations needed to ensure the safe and efficient deployment of H-DRI
across the future low-carbon steel value chain.

Hydrogen-based direct reduced iron (H-DRI) is a key pathway toward low-carbon
steelmaking, but it poses safety risks associated with self-heating due to
reoxidation and hydrogen generation in humid air. To address these hazards, we
developed a three-stage methodology. First, the Kkinetics of reoxidation and
hydrogen formation, governed by ion diffusion through oxide scales, are
quantified in a differential loop reactor. Second, the geometry of a randomized
H-DRI particle bed is generated using discrete element method (DEM)
simulations to capture realistic porosity and contacts.
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Third, the measured kinetics are combined with the DEM bed in a coupled
Computational Fluid Dynamics-Discrete Element Method (CFD-DEM) framework
in which particle positions are held fixed, and gas-solid reactions and heat
transfer by convection and conduction are modelled to predict the transient
temperature rise and hydrogen formation. This integrated approach links the
kinetics form the lab reactor to real word geometries, enabling quantitative
assessment of self-heating and hydrogen generation risks in H-DRI storage and
handling.

CFD-DEM modelling of the : Creation of a randomized
self-heating process bed by DEM

Kinetic measurements ] =71

iron Ore Reduction Campaign

Laboratory-scale reduction trials are carried out at the Tata Steel IJmuiden
metallurgical laboratory to investigate the behaviour of iron ore pellets of different
grades under H2-rich conditions. In collaboration with project partners, a series
of industrially relevant test profiles has been defined to guide these reduction
experiments. During the trials, pellet beds are subjected to controlled time-
temperature profiles while the reducing gas composition is adjusted based on the
degree of reduction, which is monitored through continuous measurement of
sample mass change, thereby enabling realistic simulation of hydrogen-based
direct reduction (DR) shaft furnace conditions. To evaluate the Reduction
Degradation Index of the direct reduced iron (DRI) pellets, the trials are
interrupted at defined reduction degrees, after which the samples are cooled in a
controlled manner and subsequently tumbled to quantify their mechanical
integrity and the extent of fines generation.

for Co & teel - The project receives funding from the European Union's Research Fund for Coal and Steel research programme
under grant agreement number 101150482.




The produced DRI pellets are subjected to comprehensive characterisation,
including a range of chemical and physical analyses. The results of these
laboratory investigations provide valuable insight into reduction kinetics and the
underlying mechanisms of hydrogen-based direct reduction. These findings
support the development and optimisation of next-generation low-carbon DR

shaft furnace processes.

Publications

The research by Aleksandra Semenova
and Christoph Spijker has been
published, shedding light on key safety
aspects of hydrogen-based steelmaking.
The study reveals that finer H-DRI dust
particles can significantly increase
explosion intensity, underlining the need
for careful dust management. These
insights are highly relevant for projects
advancing low-carbon iron production.
You can read the full paper here.
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1 Main furnace body

2 Furnace wall thermocouples (upper, medial and lower)
3 Outer reduction tube

4 Inner reduction tube

5 Reducing gas Inlet

6 Reducing gas outlet

7 Loading ram with rigid perforated footplate

| 8 Porcelain pellets (2 layers, 20 mm)

9 Test portion

10 Porcelain pellets (2 layers, 20 mm)

11 Removable perforated plate

12 Thermocouples for maintaining reduction test temperature
(upper and lower)

13 Differential gas pressure probes (upper and lower)
14 Perforated support

Advances in Materials Science and Engineering

WILEY

| RESEARCH ARTICLE

Effect of Particle Size Distribution on the Explosion
Intensity of Hydrogen Direct-Reduced Iron Dust

Aleksandra Semenova () | Christoph Spijker
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https://safe-h-dri.eu/gegroops/2026/03/Advances-in-Materials-Science-and-Engineering-2026-Semenova-Effect-of-Particle-Size-Distribution-on-the-Explosion.pdf

Dissemination and communication
highlights

ENERGY

I/\‘KEY TRANSITION In March the annual "KEY - The
Energy Transition Expo" was held in
Rimini (ltaly). On this occasion,
dissemination activities were
conducted through the distribution
of flyers and direct engagement with
industrial representatives and
members of the general public.
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On June 25th, 2026, a fully online workshop will be held. This will be a
valuable opportunity for both participants and people external to the
project to learn, discuss, and share knowledge on the topic of Safe H-DRI.
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The workshop will feature real-time polls and questionnaires that allow
participants to actively engage with the session. Attendees will be able to
answer quizzes related to the topics presented, as well as share feedback
and comments throughout the workshop.
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Keep in touch!

START DATE | 01/10/2024 To be informed about the most recent
PROJECT DURATION | 42 months news and developments, visit our
TOPIC | RFCS-2023-02-RPJ : .
COORDINATED BY | K1-MET GMEH website, follow us on Linkedin, and
CONTACT | info@safe-h-dri.eu sign up for our newsletter on
WEBSITE | https://safe-h-dri.eu www.safe-h-dri.eu

LINKEDIN |
https://www.linkedin.com/company/safe-h-dri-
project

PUBLICATION DATE | May 2026

Scan to follow
us on LinkedIn
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