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The synergies
of the FINOCAS
Group
In our previous Activity Report, the emphasis
was on energy transition, along with the further
implementation of our strategy and vision. As you
know, these past 2 years have been marked by the
worldwide Covid pandemic. Even so, we have achieved
some remarkable things, while continuing to be true to
our goals for 2025 and beyond.

As you will see in this Activity Report for
the years 2020 and 2021, we tackled the
restricting circumstances caused by the
virus with flexibility and adaptability.
Very importantly, we received market
confirmation and feedback that the strategic
choices we’ve made in the past – concerning
energy transition, industrial assets
reliability and related services, as well as the
further deployment of digital techniques,
using them as a tool to go to the next level
of innovation and product development –
are proving to be the right choices, which
certainly bodes well for the coming years.
We are working in the context of a Research
& Development environment – in the
context of innovation – with all of the
associated rapid change issues. Even so, our
leveraging of the skills and competences
we have been steadily developing, plus
our investment choices, will serve us well
through at least the next decade. So, we
clearly have a solid basis to work from.

DE-CARBONISING STEEL
One of the transitions we are facing is decarbonisation. This is extremely important,
although we cannot call this a new
development, as we have been involved in
energy transition in general for a number
of years: wind and renewable energies,
solar power, and notably hydrogen, both
as reductant in the process industry as well
as energy carrier, which OCAS has been
pioneering since 2005.
In the past two years, hydrogen has
become a very hot topic. Work in this area
is growing exponentially, and we will
make further strategic investments in this
field. Again, this is proof that the strategy
that we decided on several years ago is
sound. Now, against the background of the
worldwide climate action plans and the fact
that everyone is convinced that we need
immediate action, the de-carbonisation of
the global steel industry, though it won’t

happen overnight, is indeed imperative.
With no time to lose, we are working on this
transition at an accelerated pace. The skills
and equipment present in OCAS, and by
extension in the entire FINOCAS Group, are
perfectly suited to this purpose – which, in
these last 2 years, has become a top priority.

We are absolutely proud of, and grateful
for, the talented people we have on board
at ENDURES, FININDUS, FINOCAS and
OCAS. They are indispensable, because of
the high-level technological nature of our
equipment and projects. However, today,
we’re finding that people with the requisite
skills and competences to work in our R&D
and technical service subsidiaries are in fact
becoming scarce. The pool of people with
solid engineering backgrounds is shrinking.

in the years to come. Therefore, we want to
emphasise a significant point of attraction
for talented people worldwide: that is the
fact that we have ambitious board-approved
plans to expand and further differentiate
our park of state-of-the-art equipment in
the near-term. This is equipment that is
absolutely necessary in order to disclose
profound insights into the challenges
we are seeking to solve – delving into
nano-structure characterisation, or testing
real-life metal structures, for instance. The
fact that OCAS contains these two ends of
the spectrum under one roof, representing
a multitude of opportunities, is exceptional.
We need to publicise our capacities in this
regard in order to attract the special pool
of people, trained in the STEM disciplines,
who can seek career opportunities all over
the world.

We have the right people on board today,
but this will become a challenge to maintain

In this regard, we feel compelled to say
that we are often at a disadvantage in our

SHRINKING TALENT POOL
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efforts to bring in people from abroad due
to rigid administrative procedures. As we
are a project-based organisation, we cannot
ask our customer to wait the inordinate
amount of time that it takes to hire the right
individual. All systems should work to be
as fluid and efficient as possible, so that we
can recruit the required talent in today’s
tight labour market.

SMART PARTNERSHIPS
At this time, without mentioning names,
we can say that we have concrete plans and
opportunities to further grow the FINOCAS
Group via smart partnerships in all senses
of the word: through mergers, acquisitions,
joint ventures, and so on. Closer structural
partnering – in which “1 + 1 = 3” – is
absolutely one of our priorities.
The breadth and depth of the FINOCAS
Group consists in the intimate interplay
of the group’s various components and

subsidiaries. There are a number of
opportunities for collaborations in order
to support each other wherever necessary.
Between OCAS and ENDURES, for example,
there are more and more opportunities to
participate in common projects and services.
Similarly, interactions between OCAS and
FININDUS are growing too, including direct
support to the FININDUS team as well
as through providing technical services
and manpower support to FININDUS’s
investment portfolio companies. As we move
forward from here, part of our ambition is to
work together more integrally, strengthening
each other, for everyone’s benefit and
especially for the benefit of our customers.

SATISFIED CUSTOMERS
We wish to take a moment to proudly
point out that, in both 2020 and 2021, even
in the midst of Covid, we set customer
satisfaction records. We’ve always had high
customer satisfaction, but in these two

consecutive years we broke all previous
records. We can possibly attribute the high
scores in 2020 to the fact that, in spite
of the difficult circumstances, FINOCAS
personnel did everything possible to
progress our customers’ projects. Even so, as
the situation began to improve in 2021, the
scores were even higher!
We carry all of our strengths, talents and
ambitions forward into the commencing
2-year period. During the past two years, we
have proven that we can thrive in the face
of unprecedented conditions worldwide.
The synergies among the organisations of
the FINOCAS Group will make us all even
stronger and more agile and resilient as we
tackle the many challenges that lie ahead.

Sven Vandeputte,
General Manager,
FINOCAS

Serge Claessens,
CTO & COO,
FINOCAS

ocas
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FININDUS

Catalysing smart and green
industrial innovation
FININDUS is a Belgium based venture capital investment
company funded by ArcelorMittal and the Flemish Region and
closely linked to OCAS, closely linked to OCAS and ENDURES, its
sister companies of the FINOCAS Group. FININDUS has 190 MEUR
in assets under management.
At FININDUS, we provide early stage and growth financing
to innovative companies offering smart and green industrial
technologies in the field of materials, sustainable manufacturing
and industry 4.0. We team up with outstanding entrepreneurial
teams and like-minded investors to bring sustainable industrial
innovations to full commercial maturity and impact.

Shifting gears…

FININDUS invests across
Europe, with Flanders
as its home base and
sweet spot. In addition,
FININDUS invests globally
in technology companies
at the very core of its
expertise and aligned with
the strategic interests of its
shareholders.

Also for venture finance activities, 2020
and 2021 have been very challenging
years, turning our operating model
upside down and testing the resilience
of our portfolio companies. Our
management teams did great as despite
the adverse circumstances, most of
them succeeded in moving towards a
next phase in their development.
In the course of 2020, we exited
Powercell and Borit. We are proud that
both companies are well positioned
for future growth and excel in their
markets. Both transactions have
boosted our funds under management
from the initial 100 MEUR to 190 MEUR.
And while in 2020, we did not make
any new investments, we curated our
high quality deal flow allowing us to
welcome 5 new technology companies
to our portfolio in 2021.

We look forward with confidence. Our
board of directors has reconfirmed and
broadened our mandate to invest in and
help to build next generation industrial
technology companies that are SMART and
SUSTAINABLE.
In order to realise our ambitions and
accelerate, we are strengthening our
team, including increasing capacity to
further stimulate the interactions between
our portfolio companies and our other
stakeholders, OCAS and ArcelorMittal.

Dirk De Boever,
Head of Investments, FININDUS
Hans Maenhout,
Investment Director, FININDUS
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Investment porfolio
Current Investment Portfolio
Passive cooling for power electronics
and processors, BE

Surface hardening of stainless steel
and titanium, DK

Next generation steel fiber reinforced carbon
composite material and bicycle frames, BE

Interrogator technology enabling
“fibre optic sensing everywhere”, BE

www.calyos-tm.com

www.expanite.com

www.rein4ced.be

www.senteatech.com

Automated design and manufacturing
of tapered wind turbine towers, USA

Repair and manufacturing of large
metal parts using direct energy
deposition technologies, BE

Platform enabling process engineers to
build digital twins and benefit from AI, LU

Patented friction drive system
for robotics, NL

www.keystonetowersystems.com

www.guaranteed.be

www.wizata.com

www.imsystems.nl

Solvent free coating technology
for high performance magnet wire
used in e-mobility, DE

Solid state lidar technology for ADAS,
autonomous driving, road scanning, smart
cities and industrial applications, BE

High performance anion and proton ion
exchange polymers and membranes for
use in electrolysers and fuel cells, CA

New 2021
investments

www.tau.group

www.xenomatix.com

www.ionomr.com

Wizat
live d
soluti

new 2021 investments

y using
of their

Wizata is offering a software platform that allows to easily build a digital twin
of industrial processes. By using live data, the performance of manufacturing
processes
increased.
has proven
the value
of theirBy
solution
ta is offering a software
platformcan
thatbe
allows
to easily Wizata
build a digital
twin of industrial
processes.
using at
industrial
customers,
including
ArcelorMittal.
data, the performance of manufacturing processes can be increased. Wizata has proven the value of their

ion at industrial customers, including ArcelorMittal.

The materials industry can
significantly improve its
energy and raw materials
consumption by using
process data. We invested
in WIZATA because their
software platform enables
this opportunity and
addresses the needs of
industrial customers for an
easily accessible tool that
allows their own engineers
to keep full control of their
data and models.
Roel Callebaut,
Investment Manager FININDUS
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FININDUS has supported Rein4ced from an early stage,
not only financially but also by sharing its expertise
and network. The FININDUS team is particularly well
versed in upscaling innovative start-ups, and has a
deep understanding of the intricacies of manufacturing
companies.
With their help, Rein4ced has been able to grow
internationally within the bicycle industry, whilst
building a manufacturing company in Flanders,
in the heart of Europe.
Michaël Callens,
Founder & CEO, Rein4ced

Taking up the challenge to help bringing
Rein4ced to a next level in its production
scale-up journey turned out to be very
exciting! Working together with a very
enthusiastic and young team is contagious.
This is a nice illustration of the value OCAS
and FINOCAS can bring to FININDUS’s
portfolio companies.
Johan Verlee,
OCAS
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When we invested in Keystone Tower Systems back in 2017, the
technology was largely unproven with only a small scale pilot line
installed to demonstrate the concept. By supporting the upscaling
and further roll-out we showed our confidence in the potential of
spiral welding technology to fully automate wind turbine tower
production and we helped paving the way for in-field manufacturing.
The potential for significant reductions in the cost of wind energy as
well as on site manufacturing of larger size towers will shake up the
whole wind energy supply chain in the years to come, both onshore
and offshore. The technology match with our partners ArcelorMittaI
(supply of the key raw materials) and OCAS (providing welding
expertise) could not be better.
Hans Maenhout, Investment Director FININDUS

First tapered sections for wind turbine towers
welded automatically in Keystone’s first of a kind
industrial facility in Pampa (Texas, USA).
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At FININDUS we love to work with strong entrepreneurial
teams on a journey that starts even pre-investment. We
assisted the team in (re)negotiating their exclusive license
agreement, in the selection and specification of their raw
materials and sub-components, as well in securing a long term
manufacturing agreement with a Tier 1 automotive supplier.
All of this, prior to investing. One year later, we can truly be
proud to see that our investment accelerated IMSystems to a
pole position for launching their highly innovative Archimedes
Drive into the robotics market.
Hans Maenhout, Investment Director FININDUS

IMSystems’ Archimedes friction drives enable higher efficiency and
more accurate robotic systems. IMSystems works with OCAS on further
finetuning the material selection and specifications, resulting in improved
durability. Together with FININDUS and ABB, Linamar invested and joined
as manufacturing partner.
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GUARANTEED
Value the future,
upgrade the past
Back in 2019, GUARANTEED was created as a spin-off
company by OCAS, Finindus and ArcelorMittal Belgium.
By providing unique XXL metal Wire and Arc Additive
Manufacturing (WAAM) production and repair services
to a variety of industrial sectors, the company responds
to a growing industrial need for extending the lifetime
of industrial assets. Supported by Europe’s “right
to repair” initiative, GUARANTEED aims to replace
obsolete components as well as to enable a shift from
just-in-case to just-in-time spare part production.

INTRINSIC BENEFITS
The intrinsic benefits of additive
manufacturing are particularly appealing
for large sized metal components used
in industries such as oil & gas, maritime,
energy, transport, mining, aerospace, or
heavy industry. These industries often use
castings or forgings which, depending on
the environment they are used in, could be
made of carbon or stainless steel, nickelbased alloys or even titanium. The fact is,
the more complex the geometry becomes,
the more the casting or forging process itself
results in significant material waste, but
also suffers from extended lead times and
non-negligible failure rates.
The technology offered by GUARANTEED
also allows a hybrid approach by depositing
on top of an existing component (e.g. plate
or cylinder) or even to repair an existing
part. Beside the resulting economic benefits,
localised repair or on-demand near net
shape production also contributes to

Born from innovation, we use state-of-the-art-unique simulation, monitoring
and inspection tools to guarantee first time right zero-defect production.
Being raised in industry, we guarantee one-stop-shop industrial reliability.
Sander Plasschaert, Chief Operating Officer GUARANTEED

sustainability as it significantly reduces the
need for raw materials and transport.
Assets are increasingly used beyond their
original design life, which results in parts
becoming high-risk for downtime or failure.
This can result in significant non-productive
time which could cost upwards of hundreds
of thousands of euros annually. Maintaining
the integrity of equipment is difficult given
that like-for-like replacements of parts are
no longer available due to obsolescence
of the equipment model or changes in
engineering standards.
GUARANTEED’s on-demand WAAM
services allow such parts to be reproduced
at an affordable cost, even for lot size
one, repaired or refurbished. In the latter
case, the original part design or material
selection is given an upgrade which allows
the refurbished part to have an increased
performance or lifetime as compared to the
original OEM part.

For very large parts or failures occurring
in remote areas, the costs and logistics
involved in dismantling and transporting
the damaged part might become prohibitive.
To resolve this issue, GUARANTEED
developed a “mobile WAAM additive repair
service” which allows on-site or even in-situ
repair or remanufacturing to be achieved.

ESTABLISHING CLEAR
CERTIFICATION GUIDELINES
When switching to additive manufacturing,
the certification requirements imposed
by the part’s severe operating conditions
obviously need to be considered when
assessing the business case. Depending
on the criticality level of the component,
certification might impose a substantial
amount of destructive test samples to be
produced alongside the actual part. Through
its process control software, GUARANTEED
is able to ensure part performance which
significantly reduces the number of

expensive trial-and-error loops. Being
involved in various collaborative projects
aiming at establishing clear certification
guidelines for the use of additive
manufacturing in oil & gas, maritime, rail
and mining industries, GUARANTEED is
driving this further to turn certification into
an inherent part of its quality assurance
framework. Process qualification, rather
than single part qualification, will broaden
the portfolio of additive manufactured
parts and components, to achieve faster
qualification and/or certification than
nowadays. In close partnership with leading
universities, GUARANTEED is developing
the next generation of WAAM technology.
The latter will allow deposition speeds
to be increased even further without
compromising on quality while dynamic
mechanical properties will be enhanced
beyond those of forged material by inprocess microstructural manipulation
technologies.
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PATHWAY TO A MORE
SUSTAINABLE FUTURE
With climate change as the central challenge
of the 21st century, resource efficiency and
reducing the carbon footprint have become
vital challenges for today’s manufacturing
industry. Localised production to decrease
transportation efforts and manufacturing
products on demand to directly lower
waste and avoid scrapping excess parts
will eventually become necessities to
avoid taxation or institutional penalties.
Additionally, the demand to refurbish
machines and products to extend their
lifetime will continue to grow.
In a recent study performed by
GUARANTEED, a comparative life cycle
analysis was made for several parts. As
compared to conventional manufacturing

options such as casting or forging, the
results of this study clearly demonstrate the
significant savings which can be achieved
in terms of carbon emissions and energy
consumption for WAAM production and even
more so for WAAM repair or refurbishment.
The sustainable character of our technology
already provides GUARANTEED access
to funding from the booster fund of
the European Institute of Technology
which invests in companies that realise
sustainability and reshore work to Europe.
As the proof of the pudding is in the eating,
GUARANTEED works in full transparency
and close collaboration with its customers
worldwide to analyse, optimise and share
the learnings in each business case. For
some of our customers this means that
we will recommend considering repair

or refurbishment rather than complete
remanufacturing, while for others the
benefits of on demand spare part production
will allow reducing warehousing costs and
generate a direct impact on profitability
as working capital requirements will be
lowered resulting in additional cash flow.
Mitigating obsolescence issues either
directly in ageing production equipment
or indirectly in inventories by just-in-time
manufacturing represents yet another way
the services provided by GUARANTEED can
create value.
Last but not least, the resource efficiency
and CO2 emission savings resulting from
working with GUARANTEED provide a
pathway to a more sustainable future
by reducing the amount of primary and
secondary emissions.

The combination of component size and
functional complexity makes a compelling
case for the wire based directed energy
deposition processes (cold metal transfer
and plasma) offered as a one-stop-shop
manufacturing service by GUARANTEED as
it allows parts up to 10 x 5 x 6 m and up to
20 tonnes to be produced near-net-shape
within short lead times at a competitive cost.
Currently we offer worldwide the largest
WAAM production facility.
Joachim Antonissen, Managing Director GUARANTEED
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ENDURES
Ensuring sustainable
endurance by research

The company’s 12 employees are divided
into 4 groups of expertise: Corrosion,
Coatings (Anti-fouling and protective
coatings), MIC (microbiologically influenced
corrosion), and Failure analysis. ENDURES
helps customers select the right materials
and then effectively protect those materials.
This unique combination of disciplines –
all under one roof – constitutes ENDURES’
unique selling point.

ENDURES’ ACTIVITIES

ENDURES, an OCAS sister company, has over 50 years of
experience. ENDURES is active in a variety of industries,
ranging from shipping and maritime infrastructure
to renewable energy and fire extinguishing systems.
ENDURES and OCAS joined forces in 2019.

With the goal of extending the life of
materials, ENDURES conducts research
under both in-practice and laboratory
conditions. The company also conducts
damage studies on ships, installations
and structures to determine the type of
corrosion that is occurring, the particular
circumstances that are playing a role, and
how such damage can be prevented in the
future. ENDURES combines microbiological
expertise, electrochemistry and materials
science to investigate whether the problem
is a material failure or a design issue. The
two main questions it seeks to answer are:

how can I overcome this corrosion, or how
can I design something better?
In brief, the services that ENDURES provides
include the following:
— Advice on corrosion and corrosion
prevention
— Root cause failure analysis & advice on
material selection
— Coating failure analysis and advice on
protective coatings
— Antifouling (various techniques to
prevent or reduce fouling)
— MIC (Microbiologically Influenced
Corrosion, corrosion caused by microorganisms)
— Soil corrosion: advice on protecting
underground metal components

nature and extent of the problem: should
the entire structure be sand-blasted down
to the metal, or is the problem limited to the
top layer of coating? ENDURES’ laboratory
determines the best approach for the
customer.
ENDURES also conducts R&D – in corrosion
monitoring, for example: developing new
electrochemical technologies in order to
create a solution that has a corrosion rate of
x mm per year.
In every case, ENDURES tailors its approach,
designing tests that focus on the customer’s
unique problem situation. Which allows
ENDURES to develop the optimal solution
by the most efficient, straightforward route.

FUTURE OUTLOOK
TAILORED SOLUTIONS FOR THE
CUSTOMERS
ENDURES has over 500 customers, who
benefit from ENDURES’ cost-effective and
authoritative assessments and advice in all
of these areas.
For example, a customer seeks a solution for
corrosion of a ship hull’s coating. ENDURES
performs an analysis to determine the

During the past two years, while tackling
the challenges posed by the Covid
pandemic, ENDURES began to investigate
what other companies it might purchase,
or form strategic partnerships with, to
become more resilient to fluctuating market
demands in the future. Working with OCAS
and FININDUS, ENDURES is determining
what opportunities are out there: small

companies with specific market niches
or products that are complementary to
ENDURES’ products and markets.
ENDURES is also investing in new
equipment in order to further penetrate
its current markets or to expand into new
markets. Expanding the equipment park
will also avoid having to outsource certain
procedures, as is the case today.
The Covid lockdown period restricted
ENDURES’ close participation in projects
with all stakeholders – and so the
company is looking forward to rekindling
collaborations in the post-Covid era.
Last but not least, the Netherlands’
maritime defence agency is a major client.
For example, ENDURES is developing
a sensor for the navy that improves the
measurement of a coating’s durability. And
there are more promising projects in the
pipeline.
Sibo Buter, Managing Director, ENDURES
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An ocean of opportunities
The need to produce more energy from renewable sources is a challenge that involves
scientists of different disciplines to develop novel technologies. Taking advantage of
solar radiation to produce green energy is a consolidated option with one of the most
effective technologies, however the main drawback is the need of large surface areas.
Since the land availability is scarce for large solar plants, the surface of the oceans
offers an interesting opportunity. This approach raises some important technical
questions that also include biological variables, such as biofouling pressure.

SMART APPROACH
The innovative concept involved lightweight
floaters hosting photovoltaic panels, able to
carry the quantity of materials needed for a
valuable energy production and cost. Such a
light construction has beneficial advantages
in terms of production, transport,
installation and maintenance. However,
it needs the robustness and durability to
withstand hostile environments for any
material.

BIOFOULING RISK AT LOWEST
In this context, ENDURES played an
important role in determining the risk of
marine organisms that colonise surfaces in
contact with water. Such a risk can result
in material failure, reduction of the energy

production, or increase the structures’
weight causing partial sinking. Biofouling
monitoring evaluation is an important
aspect for developing the most appropriate
protective strategy, together with the
material selection to substantially extend
the structures’ lifespan.
In the harbour of Den Helder, materials were
tested in combination with different fouling
control tools. Samples and elements of
the floating structures were exposed to the
sea. It was exciting to see how the selected
materials were responding differently
submitted to solar radiation, waves and
wet and dry periods. ENDURES’s more than
50 years of experience in multidisciplinary
knowledge was fundamental to face this
new offshore challenge.

ENDURES’s more than
50 years of experience in
multidisciplinary knowledge
was fundamental to face this
new offshore challenge
Alessio Di Fino
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As MIC is usually present in combination with
other corrosion mechanisms, it is therefore
recommended to further investigate the system
by means of an in-line camera inspection and/
or destructive testing to determine the full
extent of the damage.
Nanni Noël-Hermes

Burning ambition to prevent
microbiologically influenced corrosion
in fire extinguish pipe systems
Microbiologically influenced corrosion, also called MIC, is an extremely fast form
of local corrosion caused by micro-organisms. MIC is a known phenomenon in
various industries where metal has been (at least temporarily) in contact with
non-sterile water.

PITTING CORROSION IN FIRE
EXTINGUISH PIPE SYSTEM
During regular maintenance, pitting
corrosion was found in the tank of a fire
extinguishing pipe system. To identify the
cause of this damage, the ENDURES MIC
team sampled tubercles in the damaged
areas for further examination in the
laboratory. In addition, water samples
were taken at various points in the fire
extinguishing system.
Further inspection revealed tubercles on
the inside of the pump flange. Similar
tubercles were present on the inside of the
pipes. After removing the tubercles, the
underlying pitting corrosion was exposed,
as in the water tank. These spots were also

sampled for further research. In-line camera
inspection and destructive testing was in
this case not an option.
Samples were then analysed in the lab
for presence of MIC. Analysis included:
DNA- and growth-related quantification
of MIC-related microorganisms, SEM-EDX
investigation of corrosion products, and
chemical-physical and biological water
analysis

TESTING POSITIVE FOR MIC
All corrosion product samples as well as
water samples tested positive for various
MIC related microbial groups including
sulphate reducing bacteria (SRB), iron
reducing bacteria (IRB) and acid producing

bacteria (APB). The numbers of MIC-related
micro-organisms, in particular SRB, were
lower in the examined water samples than
in the corrosion products. This indicates the
formation of a local biofilm, accumulating
on the metal surface and actively growing
in the system. SEM analysis showed a high
sulphur peak in the corrosion products. This
confirms the presence of active SRB’s, as
these can lead to the formation of black iron
sulphide when in contact with iron.
Comparing replenishing water with water in
the system, reveals differences in numbers
of MIC related organisms. Particularly in the
part of the system with no flushing, high
numbers of MIC-related organisms can be
found. Apparently, these conditions are
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favourable to allow biofilm formation under
which accelerated corrosion occurs, leading
to pitting. This explains the damage found
at the pump and pipe near the water tank.
Chemical-physical analysis of the water
sample and SEM-EDX analysis of the
corrosion products indicate that metals
dissolve in the system. In addition to iron,
also zinc, copper, aluminium, and nickel
were determined in significant amounts.
Zinc was found both in water and corrosion

product samples, indicating active
dissolution in the system. Zinc can originate
from the galvanised pipes or from selective
corrosion of zinc containing brass alloy (zinc
content >15%) valves. In addition, relatively
high concentrations of nickel measured in
the water typically originate from coppernickel alloys (Cupronickel), a material often
used in extinguishing systems.
The MIC problem can most likely be
traced back to the flushing process, in

which nearby river water containing
MIC-related organisms, is used. This way,
the organisms enter the system, multiply
under favourite conditions and distribute
further in the system. In between flushing
cycles, the stagnant water provides the
organisms the opportunity to build their
own micro-environment in which they can
settle and grow, thus leading to accelerated
corrosion.

Inspection of coatings on bridges
and risk analysis for repair
After an initial visual inspection unveiling
paint defects and/or visible corrosion,
the city of Brussels selected 8 bridges for
further investigation. The objective was to
collect data and analyse the condition of
these bridges showing visual defects and to
prepare a risk analysis regarding the paint
system of the steel substrates before starting
any maintenance or repairs.
In collaboration with CLUSTA, different
tasks were dedicated to ENDURES and
OCAS. An accredited ENDURES inspector
examined the coatings, including on-site
tests and measurements for thickness,
adhesion, porosity, etc. OCAS analysed
the paint flakes collected by ENDURES,
focusing on carcinogenic, mutagenic, or
toxic for reproduction (CMR) substances,
heavy metals (in particular, lead) and
Polycyclic Aromatic Hydrocarbons (PAHs).
PAHs, found primarily in coal tar coatings,

are toxic contaminants that do not break
down in the environment and are harmful
to humans. Asbestos sampling and analysis
were outsourced to an approved company.
Risk assessment was carried out before
starting any maintenance work on the
bridges. Based on the readings and analysis
results of paint flakes, advice was provided
regarding possible repair. The inspection
and paint sampling for the 8 bridges were
completed in only 2 months. Paint flake
analysis (‘CMR inventory’) on 25 coating
samples was carried out and a risk analysis
was proposed for each bridge.

ENDURES’s inspection
expertise combined with
OCAS’s competence in the
field of health and product
safety guaranteed a rapid
and smooth approach.
Ko Coppoolse & Philippe Legros

29

By combining ENDURES’s expertise in
materials science and electrochemistry,
we were able to determine the root cause
of failure and to optimise future design
and operational conditions.
Joost van Dam

Where failure analysis
and electrochemistry meet
A significant reduction in cooling performance was observed in an e-drive cooling system. Thanks
to ENDURES’s unique testing facilities, the corrosion expert team was able to perform an in-depth
failure investigation as well as to study the internal corrosion behaviour and corrosion kinetics through
electrochemical analysis. This enabled the customer to optimise their design and operational conditions.

DAMAGE INVESTIGATION
A reduced performance of the e-drive
cooling system was observed in a vessel.
Closer examination of the e-drives (electric
fan cooling system) revealed corrosion in
the cooling block of the e-drives, resulting in
loss of cooling capability.
ENDURES investigated the cause of the
corrosion, taking into account the materials
used and e-drives design, the composition
of the cooling water system and additives
used (corrosion inhibitors). An extensive
damage investigation consisting of
visual inspection, optical microscopy,
3D-microscopy and scanning electron
microscopy (SEM) coupled with EDS was
performed on the dysfunctional cooling
block to determine the root cause of failure.

Active dissolution and redeposition of
aluminium were blocking the ducts of the
cooling device. Corrosion was most severe
at contact regions between stainless steel
turbulators and the aluminium duct wall.
An additional cooling block was used
to electrochemically study the role of
the different materials and additives on
the corrosion rate. Using zero resistance
amperometry, it was shown that galvanic
coupling between stainless steel and
aluminium caused corrosion rates to sixfold
multiply. In addition to that, it was proven
that the dissolution rate of the aluminium
was intensified by not using demineralised
water.

RECOMMENDATIONS
For future designs, the use of stainless
steel turbulators was strongly discouraged.
Alternatively, they can be coated to prevent
galvanic coupling. In addition to this, it
was highlighted that all systems should be
operating with demineralised water and
appropriate concentrations of additives.
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Our new test set-up can identify the
causes of subsea bolt failure, reproduce
failure under various conditions,
and investigate the effectiveness of
mitigation strategies.
Philippe Legros & Sibo Buter

Lifetime prediction of subsea bolts
in natural seawater
Subsea bolt failure is a recurrent and critical issue in the oil & gas, as well as offshore wind, industries: in
many cases, the likely failure mechanism is environmentally assisted cracking. Cathodic (over)protection
of subsea bolts leads to hydrogen production and ingress, which subsequently embrittles the bolt alloy.

There is a market pull from the offshore
industry to learn more about the effects
of cathodic (over)protection on hydrogen
uptake in steels, the fundamental
mechanisms that govern hydrogen
embrittlement, and how to improve material
selection for large-size bolted connections.
To assess accurate lifetime prediction,
reliable estimation of hydrogen ingress in
subsea/offshore bolts is needed.
This is why OCAS and ENDURES have
implemented a test set-up in seawater to
identify the causes of subsea bolt failures,
to reproduce failures under various

conditions, and to prove the effectiveness
of mitigation strategies. Tests are being
carried out in real seawater at ENDURES
with different materials: galvanised and
uncoated carbon steels, and a Ni-based
alloy. Several preloading conditions of the
bolts and cathodic protection are applied
to better understand their behaviour in
natural seawater. The failure and surface
analysis of the exposed bolts is observed by
electron microscopy. Hydrogen is measured
in bolts by thermal desorption to evaluate
the diffusion according to different periods
of time.

After thorough preparation, tests started
at the beginning of September 2021. First
results are expected in 2022. The results
will be used to improve material selection
for large-size bolts and will enable a
more accurate lifetime prediction. This
methodology and test bench are available
for any project aiming to test specific bolts
in seawater.
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OCAS

Since 2019, OCAS’s expertise in alloy and coating
design, metal surface engineering, non-standard testing
and modelling has been supplemented with ENDURES’s
knowledge on microbiologically influenced corrosion,
antifouling and protective coatings. Despite the global
pandemic, it is a good illustration how collaboration
is beneficial to serve our customers through an
integrated and multi-disciplinary approach. We take
this opportunity to sincerely thank our customers and
partners for their trust and the strong working together
we had over the past challenging years.

The European green deal, as sustainable
recovery mechanism from the COVID 19
pandemic, paves the road to the clean
energy transition by focusing on the key
principles that will help to reduce CO2
emissions. Electrification is the most
dynamic pillar of the energy transition.
At OCAS, we are developing electrical
steels to serve this electrification. We
furthermore support ArcelorMittal to draft
the necessary investment files to anticipate
the growing demand for these steels. With
hydrogen being considered as the main
decarbonisation alternative for the hardto-abate sectors, OCAS is working on the
compatibility of steels and other metals with
hydrogen and developing hydrogen resistant
steel grades for the hydrogen economy. At
the same time, we are designing new steel
based solutions to build the backbone for
the decarbonisation efforts to transport CO2

for the implementation of carbon capture,
utilisation and storage (CCUS).
As one of the leading product development
labs for ArcelorMittal, OCAS has been
involved in the conception and industrial
upscaling of the various steel grades
and coatings enabling environmental
improvements. At the same time, the steel
making journey towards net zero calls for
numerous process-related, logistical, and
metallurgical alternatives. OCAS is therefore
initiating R&D support to face these
challenges by fine-tuning and validating
metallurgical routes to ensure the product
quality of this new product range.
Being confronted with the increasing
demand in and cost of energy, durability
and lifetime prediction have become
essential. OCAS helps asset owners to

assess their infrastructure regarding fitfor-purpose. Together with ENDURES and
GUARANTEED we are involved in analysing
failures, proposing adequate repair methods
and remedy actions to prevent failures from
occurring again. So, whilst we develop
the steels of tomorrow, we are proving
the integrity of today’s steels with new
applications as well.
OCAS’ ambition is to carry out our research
effectively, according to the highest
quality standards and with maximum
scientific profoundness. That is why,
several years ago, ‘digitalisation’ and
‘nano-characterisation’ were defined as
key enablers for the research centre. Today,
OCAS is active in all digital fields of artificial
intelligence, machine learning, data mining,
etc. Impressive progress has been made on
plant database analysis, computer vision

and digital image analysis in the fields of
martensitic steels, electrical steels and high
strength low alloy steels.
Last year, OCAS relocated its microscopy
instruments and added new state-of-the
art equipment to improve and enlarge our
service offer in materials’ characterisation
and failure analysis in the nano to nearatomic size range.
We look forward to continue providing
expertise and services to you all.

Serge Claessens,
CTO & COO, OCAS
Sven Vandeputte,
Managing Director, OCAS
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ENERGY TRANSITION
Climate change and environmental
degradation are an existential threat to
our planet. The only way to overcome
this challenge is through a modern,
efficient, and competitive economy without
greenhouse emissions and with economic
growth decoupled from the consumption of
resources.
Europe’s ambition to become the first
climate neutral continent in the world,
will accelerate the pace of change in all
sectors of the European economy, bringing
the energy sector to the spotlight. The
production and use of energy account for
more than 75% of the EU’s greenhouse gas
emissions. Decarbonising the energy system
is critical to the EU’s strategy of achieving
carbon neutrality by 2050.
The European green deal, as sustainable
recovery mechanism from the COVID 19
pandemic, paves the road to the clean
energy transition by focusing on the

key principles that will help to reduce
greenhouse gas emissions:
— ensuring a secure and affordable
energy supply, promoting innovative
technologies and modern infrastructure,
— developing a fully integrated energy
market through interconnected
energy systems and better integrated
grids, decarbonise the gas sector and
promoting smart integration across
sectors
— improving the energy performance of our
buildings, boost energy efficiency and
eco-design of products
— and developing a power sector based
largely on renewable sources including
developing the full potential of Europe’s
offshore wind energy.
As most important steel supplier in
Europe leading in many market segments,
ArcelorMittal has realised that the upcoming

investments in the energy market need a
new focus and has decided to launch the
research program ‘Global Energy Transition’
in 2022. Quite naturally, one could say,
the group is counting on the expertise and
innovation potential of OCAS, since we are
active on multiple energy topics since many
years.
Electrification is the most dynamic pillar
of the energy transition. The share of
electricity in the final global energy demand
is expected to grow within the next 30 years
by up to 38%. Solar PV and wind are already
the cheapest forms of new power in most
countries, and within a decade will also be
cheaper than operating existing thermal
power. By 2050, it is estimated that solar
and wind will represent about two thirds
of grid-connected power generation, and
fossil power just 13%. Being a supplier of
heavy plate for the wind tower market,

ArcelorMittal aims to increase the product
range, e.g. by atmospheric corrosion
resistant steels for saline environment
developed by OCAS. Magnelis® coated sheet,
which is massively used for the support
structures of photovoltaic solar power plants
all over the world, is an absolute success
story, OCAS historically being involved
from day 1 in Europe to deal with such zincaluminium-magnesium coatings.
Fossil fuels have represented an 80% share
of the global energy mix for decades but
will gradually decrease to achieve the Net
Zero target, though there are forecasts by
several energy agencies that they will retain
in 2050 a 50% share of the energy mix. The
fossil fuels with largest forecast decline are
coal and oil, expected to fall below half of
current levels by 2050.
According to international energy outlooks
published in 2021, gas use is expected to
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grow over the coming decade, then level
off for a 15-year period before starting to
reduce in the 2040s. This forecast may be
affected by the recently announced efforts of
the EU to reduce the energy dependence of
Russia; increasing imports of LNG represent
now an important scenario. OCAS has been
investigating cryogenic steel solutions for
the LNG market since some years already.
Keeping in mind a good balance between
cost and performance, various production
routes for both plates and coils – along with
different fine-tuned chemistries – have been
considered for metallurgical designs with
martensitic and austenitic grades which
have shown promising results.
Decarbonised fossil energy and hard-toabate sectors, those that cannot easily be
decarbonised through electrification, are an
important aspect of reaching the Net Zero
target. This includes maritime, long-haul
trucking and large parts of heavy industry.
These sectors are currently responsible for

around 35% of global CO2 emissions, and
progress in reducing these emissions was
stubbornly slow until now. Hydrogen is
considered as the main decarbonisation
alternative for these hard-to-abate sectors.
Global hydrogen production for energy
purposes is currently negligible and will
only start to scale from the late 2030s,
meeting 5% of global energy demand by
2050. Hydrogen is also expected to play a
key role in the connectivity, storage and
demand-response of the electrical grid.
System integration through power-to-X
will require massive renewable electricity
production and, along with various storage
solutions, will ensure that surplus power
will be used.
OCAS has started to build up hydrogen
competence almost two decades ago and
is recognised in the scientific community.
We are investigating the compatibility of
steels and other metals with hydrogen and
develop hydrogen resistance steel grades for
the hydrogen economy.

The implementation of carbon capture,
utilisation and storage (CCUS) is
acknowledged to be a suitable means
of counterbalance the continuous CO2
emissions of remaining fossil fuels and
hard-to-abate sectors such as steel industry.
At OCAS, we are designing new steel
grades to build the backbone for the decarbonisation efforts to transport the CO2
through a network of pipelines or liquified
in vessels.
Another radical change is currently ongoing
with the electrification of the transportation
sector. In the automotive market, battery
electric vehicles (BEVs) and plug-in hybrid
electric vehicles (PHEVs) are gradually
penetrating the EU market. With an increase
from 550,000 units in 2019 (3.5% of new
registrations) to 1.4 million (11%) in 2020,
the recent increase was dramatic – and for
2030, their share is expected to be around
50%.

ArcelorMittal is serving the automotive
electrical motor market with products
of their iCare® families Save, Torque
and Speed. OCAS, as the group’s unique
research centre for the development and
application of non-oriented electrical steels,
is substantially involved in the development
and industrialisation of the steel substrates
and also the new varnishes. In order to
capture a significant share of the strongly
growing market, ArcelorMittal has recently
decided to invest in a second electrical steel
plant in the North of France. The OCAS team
was consulted for the design of the furnace
and the coating section and tried to make
sure that the line is capable to produce
future grades with improved magnetic
properties.
Martin Liebeherr & Nuria Sanchez
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At OCAS, we’re focusing on the
assessment of actual and future
infrastructure for the storage and
transport of hydrogen in relation
to the energy transition required
to solve global warming.
Nuria Sanchez

Steel for the hydrogen economy
At OCAS, we consider our expertise developed in our hydrogen lab to be
one of our strongest assets for future solutions. Hydrogen is a clean energy
carrier and will be increasingly used for renewable power energy storage or
fuel-cell-powered cars and trucks. Moreover, hydrogen plays a major role in the
decarbonisation of the steel-making industry.

OCAS AND HYDROGEN,
A LONG TRACK RECORD
Over the past 17 years, OCAS has been
building experience and competences
concerning hydrogen-microstructure
interactions, hydrogen embrittlement,
and design of microstructures resistant to
hydrogen environments. Those competences
have been developed to support steel grade
and coating development for industry and
the energy and automotive markets.
Some examples of OCAS’s research on
hydrogen embrittlement are: line pipe
grades resistant to H2S, high-strength steels
with increased resistance to hydrogen
delayed cracking, enamelling grades with

higher resistance to fish-scale, new coatings
acting as hydrogen barrier, etc.
OCAS has a dedicated H-lab, industrial
simulators and characterisation tools to
support these studies and developments.
In addition, the competences available
at OCAS are used for industrial quality
control of steel grades sensitive to hydrogen
embrittlement. During the past few years,
OCAS has established the methodology to
control the hydrogen absorbed by highstrength steels during their production
(pickling, electro-galvanising, etc.).
Production control, and its link to the
properties and process parameters, is key
for further product optimisation.

HYDROGEN, FUTURE ENERGY
VECTOR
As stated in the EU Hydrogen Strategy,
it is crucial that hydrogen becomes a
part of the energy system. Hydrogen
can be used as a feedstock, a fuel, or to
carry and store energy – and it has many
possible applications across industry,
transport, power and building sectors.
The EU strategy also calls for a hydrogen
logistical infrastructure that needs to be
developed in order to distribute, transport,
store and expand the use of hydrogen
across Europe, which will lead to great
opportunities for steel. In the Global Energy
Transition framework, and looking to
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steel opportunities, OCAS has continued
to further develop its competences for
the H2 economy. For this, a complete gap
analysis on the necessary competences and
experimental capabilities was finalised,
concluding in an action plan for present
and future deployment. Furthermore, the
acquired competences from other markets
have been used to initiate the developments
of steel solutions for H distribution
(H2 pipelines) and H storage (H2 highpressure vessels).

TRANSPORTING HYDROGEN
SAFELY ACROSS EUROPE
In April 2021, in their EU Hydrogen
backbone document, major European
transmission system operators (or TSO
companies) highlighted the need for new
pipeline stretches across Europe to connect
hydrogen hubs and countries in order to
create a European hydrogen transmission
network similar to what exists for Natural
Gas today, over the coming 20 years. This

document estimates the steel volume needs
at about 5.5 million tonnes. Therefore,
OCAS started to assess the compatibility of
existing line pipe grades with hydrogen gas.

PRESSURISED HYDROGEN
STORAGE
In the same context, increased capacity
for H2 distribution and storage – including
hydrogen refuelling stations – will be
needed, leading to a critical demand for
storage capacity: larger tank capacity,
higher storage pressure and competitive
costs. In this framework, growing markets
for hydrogen steel vessel applications have
been identified:
— Mobility, industrial (truck, bus,
forklift, …): this market consists of
on-board tanks targeting minimum H2
pressure of 350 bar. Hydrogen forklifts
are already in the industrialisation phase.
— Mobility, refuelling stations: this market
application is generally divided into
low H2 pressure (<350 bar), middle H2

pressure (500 bar to 700 bar) and high H2
pressure (1000 bar) stations.
— Distribution, trailers: this market focuses
mostly on transportation of hydrogen
at 200-300 bar and 300 kg per delivery.
However, the trend is moving upward,
with the pressure and some new designs
achieving 500 bar.
However, hydrogen embrittlement,
hydrogen diffusion, and the high cost of
hydrogen storage vessels are outstanding
problems that hinder the scale-up of
the hydrogen economy. The severity of
hydrogen embrittlement usually increases
with increasing hydrogen pressure. For
instance, in order to refuel a 700 bar onboard hydrogen storage cylinder in about
3 minutes, the pressure of a stationary
hydrogen storage vessel may exceed
900 bar, which makes it challenging to
reach a balance between the mitigation of
hydrogen embrittlement and cost.

For more than a decade, OCAS has been building
up hydrogen research competence to serve
the needs related to tomorrow’s technological
developments.
Dennis van Hoecke
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The most abundant element in the
universe, hydrogen, is also a promising
source of clean fuel. At OCAS, we believe
we are well armed to thoroughly tackle
its technological challenges in multiple
applications.
Marc-Antoine Thual

UNDERSTANDING HYDROGEN
PICK-UP BY METALS
The pick-up of hydrogen by metals has been
studied extensively in this context, primarily
focusing on two aspects: the diffusibility
of hydrogen inside the metal (‘how mobile
it is’) and the solubility (‘how much can be
stored’), i.e. how does hydrogen behave once
it’s in the metal substrate. Less is known,
however, about another key aspect of the
occurrence of hydrogen embrittlement: at
which rate can hydrogen enter through the
surface into the metal in the first place?
If the entrance rate can be hindered – or,
ideally, even blocked – by a proper surface
treatment or surface condition, then the
subsequent degradation process will be
slowed down and the lifetime of the metal
component extended.

HYDROGEN AND STEEL
PROPERTIES
Despite the vast number of articles that
have been published related to hydrogen
embrittlement, and the multiple attempts

to explain the governing mechanisms,
it is evident that hydrogen’s effect on
mechanical properties in steel is still a
challenging topic, and our understanding
of the embrittlement mechanisms needs
further deepening.
Based on current knowledge, special
implications for the design of steels for
H2 distribution and storage are in place,
with a focus on fatigue loading, fracture
toughness, and potentially increased axial
stress levels. In addition, implications for
potentially large-deformation failure modes
– such as burst, running ductile fractures,
and (external) damage – are also addressed.
How hydrogen embrittlement is affecting
those design laws is still to be defined.

LINKING HYDROGEN TO
MICROSTRUCTURE FOR FUTURE
GRADES MATCHING INDUSTRY’S
NEEDS
OCAS’s key competences on materials’
hydrogen embrittlement focus on
bridging the structural design needs with
metallurgical concepts of the materials’

microstructure and properties. Those
process-structure-properties (P-S-P) links
are being studied by means of determining
hydrogen trapping and distribution
among the microstructural features, and
hydrogen embrittlement tests under relevant
environments and modelling. For an
unequivocal determination of the hydrogen
microstructure interactions, deuterium
(isotope hydrogen tracer) is being used.

NUMERICAL SIMULATION OF
HYDROGEN INTERACTIONS
Finite element analysis models capable of
describing hydrogen interactions with steel
are key to assisting the interpretation of
microstructure-hydrogen in-use properties.
The scientific community is working on
different approaches, from nano- to macroscale. OCAS is focusing on the micro-level
to describe the hydrogen microstructure
interactions – with the ultimate goal
of assessing the risk of failure in metal
components for the hydrogen economy.
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OCAS’S INTERNATIONAL
RECOGNITION
The OCAS hydrogen team is actively
participating in drafting the Strategic
Research and Innovation Agenda and the
Annual Work Plans of Horizon Europe Clean
Hydrogen Partnership. OCAS’s expertise
is welcomed in many research consortia,
such as FORGE, INiTiAl, and joint industry
projects, such as DNV’s H2Pipe. OCAS
experts contribute to standardisation
bodies, including NACE, ISO, EFC and API.
Our hydrogen research has been published
in multiple scientific peer-reviewed
journals and international conferences.
Currently, OCAS is preparing its 4th edition
of the International Conference on Metals
and Hydrogen – ‘SteelyHydrogen 2022’ –
attracting academic participants as well as
participants from industry globally.

‘SteelyHydrogen’ combines high-level
scientific contributions with to-the-point
industrial applications, all in the pleasant,
picturesque setting of Ghent’s city centre
Laura Moli Sanchez
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Sustainable steel solutions
for CO2 transport and storage
The European Green Deal and the de-carbonisation efforts of hard-to-abate sectors have
put the topic of Carbon Capture and Storage (CCS) high on the agenda of policy makers,
industry and society. Various CCS pilot projects are on the radar screen, aiming to capture
CO2 at (for example) blast furnaces, thermal power plants and cement factories, and store
the CO2 in depleted offshore reservoirs or aquifers. In addition to liquid CO2 transport by
vessels, worldwide deployment of CCS will require a vastly expanded network of CO2
transport pipelines. At OCAS, we are designing new steel grades to build the backbone for
these de-carbonisation efforts.

INTEGRITY OF CO2 PIPELINES:
A TOUGH CHALLENGE!
Challenges related to the design of CO2
transport pipelines are well documented
and include the risk of low temperatures
following Joule-Thompson decompression,
and the susceptibility of sweet corrosion
in the presence of water and impurities.
By far the biggest challenge, however,
is the fracture control strategy. Indeed,
the thermodynamic properties of carbon
dioxide are distinctly different than those
of conventional natural gas. This imposes
much more stringent requirements on the
toughness of the pipeline steel.

At OCAS, we have extensive experience in
toughness testing of high-strength pipeline
steels, including instrumented Charpy
V-notch experiments and Battelle Drop
Weight Tear Testing.
In addition to these standardised fracture
tests, we are investigating the crack arrest
capabilities of pipeline grades by means of
Dynamic Tear Testing.
Moreover, we have developed a home-grown
numerical toolkit based on computational
fracture mechanics, which allows us to
simulate crack initiation, propagation and
arrest in CO2 pipelines. This combined
experimental/numerical approach allows

the specifications for new steel solutions for
Carbon Capture and Storage to be derived.
Finally, our metallurgical department
designs the corresponding metallurgies to
produce coil skelp, plate skelp and crack
arrestors.

INNOVATIVE METALLURGIES FOR
LIQUID CO2 TRANSPORT AND
STORAGE
In addition to dense phase CO2 transport
pipelines, some CCS projects require
pressure vessels to store and transport
liquid CO2. Due to the stringent process
conditions for liquid CO2, with pressures

Our new steel solutions enable the safe
transport of dense phase CO2 through
pipelines. At OCAS, we feel we are truly
inventing smarter steels for people and
planet.
Steven Cooreman

between 5 and 25 bars and temperatures
down to -60°C, conventional carbon steels
cannot be used. The pressure vessels need
to be constructed in expensive, nickelalloyed high-strength steel. OCAS is working
on a breakthrough project to tailor steels
to provide a cost-competitive alternative
solution for liquid CO2 pressure vessels.
Thanks to the extraordinary combination of
high-strength, low-temperature toughness
and lean alloying, such steels can become a
game-changer for CCS projects.
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Today, calculation of the thermal profile
for upcoming production cases should be
possible before the production starts.
This will minimise the number of expensive
trials that are required to optimise process
parameters.
Jan Rens & Özlem Esma Ayas Güngör

Modelling brings toughness
improvement to welded natural gas
transmission pipelines
Weldability research at OCAS for natural gas transmission pipelines has been valorised
for many years to support ArcelorMittal customers. One of the technologies widely used to
produce tubes and pipes from strip is high frequency induction (HFI) welding. This welding
technology does not require welding consumables, results in a narrow weld zone, and is
the most productive method.

OCAS’s technical capabilities in HFI (other
than welding itself) allow us to carry out
in-depth research – these capabilities
were recently extended with numerical
modelling of the welding process. A
2-dimensional numerical model, coupled
with electromagnetic and thermal physics,
has been developed at OCAS to predict the
temperature profile of the strip as it passes
through the induction welder.
Within a collaborative project with one of
ArcelorMittal’s most important customers,
this model allowed us to review the existing
forging practice of the mill and to provide
recommendations for implementing a

sophisticated forging control during HFI
welded pipe production. The customer
could achieve a substantial toughness
improvement on the welds: Charpy impact
toughness of the bond line increased by
more than 30% at -20 °C, and the ductileto-brittle transition temperature shifted to a
lower temperature.
With the current information available,
calculation of the thermal profile for
upcoming production cases should be
possible before the production starts, which
will minimise the number of expensive
trials that are required to optimise process
parameters.
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Avoiding long-running cracks
in natural gas pipelines
Despite the world’s ambition to abandon fossil fuels and to move to renewable energy sources, natural
gas will remain an important energy source in the coming decades. In fact, the worldwide demand for
natural gas is still increasing, forcing oil and gas majors to consider gas reserves located in more hostile
and remote regions. Consequently, new pipeline projects are continuously pushing the limits in terms
of higher design pressures and lower operating temperatures – and thus requiring high-strength steel
grades with excellent low temperature toughness.

FRACTURE CONTROL
One of the most important aspects of
pipeline design is fracture control –
which basically means the avoidance
of long-running cracks – as such events
would involve huge economic losses and
dramatic environmental damage. One can
distinguish between crack initiation and
crack propagation control but, in the case
of gas pipelines, the requirements for crack
initiation control are, in general, overruled
by the more stringent requirements for crack
propagation control.
To avoid long-running cracks, gas
decompression should occur faster than

crack propagation. This can be achieved
by fulfilling two requirements, as specified
in different international standards, such
as API 5L and ISO 3183: first, the ductileto-brittle transition temperature (DBTT)
of the pipe material should be lower than
the temperature at which the pipeline is
operated in order to guarantee ductile crack
propagation. The DBTT is defined as the
temperature at which the fracture surface of
a Battelle Drop Weight Tear Test (BDWTT)
sample shows 85% shear area. Second,
sufficient energy should be absorbed during
crack propagation to arrest a running crack.
The minimum required energy is most often

determined by means of the Battelle Two
Curve Method and is expressed in terms of
upper-shelf Charpy impact energy.

TOOL FOR AUTOMATED
FRACTURE SURFACE INSPECTION
The inspection of the BDWTT fracture
surface of heavy-gauge, modern pipeline
steels – for instance, X70 and X80 – can
be complicated by the presence of specific
features such as splits. Consequently,
inspection results can be operatordependent. Therefore, a round robin was
organised between OCAS and the quality
labs of the ArcelorMittal plants concerned to
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define a common practice for BDWTT testing
and BDWTT fracture surface evaluation.
Furthermore, OCAS started developing a
software tool for automated inspection,
which will make use of machine learning
techniques. Such a tool will significantly
reduce inspection times and will eliminate
operator dependence.

INSTRUMENTED
BDWTT EQUIPMENT
Due to their large crack initiation toughness,
heavy-gauge high-strength pipeline steels
often show the problem of inverse fracture
during BDWTT testing, meaning that a
ductile propagating crack turns into a brittle
propagating crack towards the end of the
test. Although the occurrence of inverse
fracture is accepted by the latest version of
API 5L, it should be avoided as it leads to
underrating the material’s toughness.

Several research groups have proposed
alternative BDWTT notch types, aiming
at lowering the crack initiation energy
and thus reducing the risk of having
inverse fracture. OCAS launched several
experimental studies to assess the
effectiveness of those notch types. To
support these activities, OCAS also invested
in instrumented BDWTT equipment, which
allows us to evaluate how much energy is
absorbed during the test and to differentiate
between the crack initiation and the
crack propagation energy. Furthermore,
it provides valuable information for
evaluating the effect of inverse fracture and
the performance of different BDWTT notch
types.
Because of the problem of inverse
fracture, standardisation bodies are
discussing alternative fracture toughness
requirements, one of them being BDWTT

crack propagation energy, which requires
instrumented BDWTT equipment. Thus,
by investing in this equipment, OCAS
anticipated future changes in international
standards.
Our current BDWTT equipment has a
maximum capacity of 60 kJ. The maximum
2.5 m drop height and 2450 kg hammer
weight can be varied, making it a flexible
tool for research purposes.

DYNAMIC TEAR TEST:
MEDIUM SCALE CRACK
PROPAGATION TEST
In addition to standardised (dynamic)
fracture toughness tests, OCAS studies
the crack arrest capabilities of pipeline
grades by means of Dynamic Tear Testing
(DTT), which presents several advantages
in comparison to the BDWTT and Charpy
impact testing: i) the sample is mainly

Although dynamic tear testing is non-standardised, it is a
valuable research tool that provides insights that cannot be
obtained from standard tests, such as BDWTT and Charpy
impact tests.
Steven Cooreman

loaded in tension, which reduces the risk of
inverse fracture and is closer to the loading
conditions present during crack propagation
in a gas pipeline, and ii) as the sample is
considerably larger, the crack propagates
over a longer distance.
Although it concerns a non-standardised
test, the DTT set-up is a valuable research
tool. It is instrumented to capture force
and displacement and thus provides
information on the crack initiation and
propagation energy. In the framework of an
OCAS sponsored PhD thesis, a high-speed
Digital Image Correlation system was used
to monitor how the crack develops and
propagates and to evaluate the deformation
in the vicinity of the crack tip. By doing
so, even more data could be extracted –
for example, the crack tip opening angle
(CTOA), an alternative parameter for
expressing the resistance against crack

propagation. Moreover, the data obtained
in this way revealed that a region of stable
crack propagation exists. The PhD student
is also developing a system for cooling the
samples on-line, which will allow us to
study the fracture behaviour in the ductileto-brittle transition region.
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The system for image acquisition and
analysis of BDWTT specimen fracture
surfaces we are developing is of interest
for all labs performing these material
characterisation tests. It replaces a
cumbersome, partly subjective procedure
with an objective, reproducible automatic
process.
Patrick Goes & Michiel Corryn

Automated fracture surface analysis
Drop weight tear testing is a material characterisation test aimed at avoiding brittle fracture and ensuring crack
arrest in pipelines. The specimen of the full material thickness contains a shallow pressed notch and is impact
loaded in 3-point bending by dropping a weight on it. A series of specimens is broken under impact loading at a
variety of temperatures, and the proportions of ductile fracture (shear) and brittle fracture (cleavage) on the fracture
surfaces are measured. In this way, a transition curve of percentage shear versus temperature is constructed for the
material. The BDWTT (Battelle Drop Weight Tear Testing) approaches the full-scale behaviour much better than a
Charpy test. As it correlates better with crack propagation and arrest behaviour, it is used as a qualification test for
pipeline material, specified by standards (API 5L3 and EN10274).

IMAGE ACQUISITION
In the past, both fracture surfaces of the
broken sample were put next to each other
and photographed with an ordinary handheld camera. The resulting images were
not always optimal, making an accurate
measurement of the shear and cleavage
zones difficult. So, OCAS designed a
set-up to improve the image acquisition:
it consists of a clamp to fix the specimen
into a reproducible position, a flat dome
light to obtain a controlled illumination of
the fracture surface, and a camera with a
telecentric lens to get distortion-free images.
Obtaining high-quality and reproducible

pictures of the specimen’s fracture surface is
now a matter of seconds.

IMAGE ANALYSIS
To determine the shear percentage, instead
of coarsely measuring the envelope of the
shear and cleavage zones and applying
some geometrical formulas to calculate their
areas, the currently available calibrated
images allow us to determine the areas
accurately by counting the pixels in each
zone. First, the fracture surface is identified
by removing the background, the notch
and the specimen sides that are visible
in the image. What remains needs to be

segmented into shear (ductile) zones on the
one hand, and cleavage (brittle) zones on
the other. Distinguishing between them is
not straightforward and involves multiple
criteria (luminance, contrast, texture,
etc.). We applied machine learning (ML)
algorithms to perform this segmentation,
which enabled us to automatically obtain
the required shear fracture percentage.
ML can also be used to classify the surface
fracture appearances into several types,
depending on the relative positions of
the shear and cleavage zones in the total
fracture surface.
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The increased use of liquified natural
gas – triggered by the global energy
transition – presents huge challenges
for metallurgy. We are excited about
helping to find affordable solutions that
show great performance!
Aniruddha Dutta & Nuria Sanchez

Steel solutions for liquified natural gas
Natural gas is regarded as one of the least carbon-intensive fossil fuels and will
play a prominent role in energy transition. Expected to be the world’s largest
energy source from the mid-2020s, the global gas demand is foreseen to
peak about a decade later. There is a clear demand for natural gas, which will
be used not only as a source of power but also as a fuel for road and marine
transportation. Thus, there is an increased demand for downstream equipment
as storage and usage for natural gas, specifically in its liquified form at -163°C.

Steels currently used throughout the supply
chain – from large-scale LNG transportation
and storage solutions to small- and microscale solutions – are costly. Therefore, new
and cost-effective solutions are required for
the forecasted future demands.
Heavy plates containing nickel for the
cryogenic industry are already being
produced by ArcelorMittal for the
construction of large-scale storage tanks
and pipes. However, such heavy gauges are
not required by the small- and micro-scale
solutions for LNG, which are also looking

towards cost-effective alternatives for
current stainless-steel standards.
Therefore, OCAS has invested in costeffective nickel-based material solutions
as well as manganese-based alternatives.
Keeping in mind a good balance between
cost and performance, various production
routes for both plates and coils – along with
different fine-tuned chemistries – have been
considered for both metallurgical systems
and have shown promising results.
With an eye on the entire production route,
welding solutions for such metallurgical

concepts are also being developed at OCAS,
taking the technical sustainability of such
products into consideration.
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The interest from industry is high
and first projects for medium
salinity are already under
preparation
Krista Van den Bergh

New saline weathering grade to
reduce maintenance costs of offshore
structures
Although the offshore market is seeking to reduce its huge maintenance cost, current
standards for offshore grades (EN 10225 and API 2W) focus on toughness and weldability,
while weathering resistance is not mentioned. Therefore, a new plate steel product – with
enhanced corrosion resistance to atmospheric marine/saline weathering conditions – is
being developed for offshore applications. Target applications are topside painted steel
structures: e.g., fixed and floating platforms, offshore wind towers, electrical substations
and water ballast tanks.

The challenge of the project is to develop
a corrosion-resistant steel grade that
meets the stringent offshore welding and
toughness requirements.
The development of our metallurgical
concept resulted in steel compositions with
a good combination of corrosion-resistance,
mechanical properties and weldability.
Industrial trials in a heavy-plate mill have
proven the feasibility and robustness of
the concept. The results of mechanical
characterisation showed that a S420
strength level is comfortably achieved for
plates of 20 mm thick, and this is within

reach for plates of 50 mm thick as well.
High Charpy V-notch impact values were
measured at -40°C, even at mid-thickness.
Research is currently focusing on corrosion
testing and weldability of the industrially
produced saline-resistant weathering grade,
with special attention to real atmospheric
exposure testing at marine locations.

ACCELERATED CORROSION
TESTING OF SALINE-RESISTANT
WEATHERING STEEL
Due to the lack of standardised corrosion
tests, a variety of accelerated corrosion

tests have been defined with different test
conditions in order to predict the long-term
outdoor corrosion behaviour in offshore
conditions. Since the enhanced corrosion
resistance of weathering steel is attributed
to the formation of the patina, the corrosion
layer is also fully characterised.
Industrial saline-resistant weathering
steel panels were exposed to accelerated
corrosion tests with longer exposure times
in a high-chloride environment together
with lab samples. These tests confirmed that
the right composition was selected through
conception screening. The formation of
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dense and compact layers on the salineresistant weathering steel proves its better
corrosion resistance, which has also been
observed in lower mass loss.

OFFSHORE AND NEARSHORE
CORROSION TESTING OF SALINERESISTANT WEATHERING STEEL
Since only real offshore exposure corrosion
tests can provide conclusive information
concerning the corrosion performance of the
steel product, multi-year exposure tests have
been launched and are currently running.
The corrosion resistance of the steel concept
has first been studied in its bare (unpainted)
state – yet, as structural steel is used in
the painted state in a lot of applications,
painted saline weathering steel panels were
also subjected to corrosion testing.
The exposure locations are specified
as medium salinity (corresponding to
corrosivity classes of C3-C4) and high

salinity (corresponding to C5-CX). After 2
years of exposure to medium salinity, the
corrosion results confirm the improved
resistance (up to 22%) compared to the
conventional S355G10 grade in a near-shore
environment. As the corrosion rate was seen
to slow down between year 1 and year 2, it is
to be expected that saline weathering steel
will remain below the tolerable corrosion
rate of 6 µm/year.
In the high-salinity atmosphere, no
protective and/or adherent rust layer has
yet been formed – so, longer exposure times
are needed to evaluate the formation of a
protective layer in this severe environment.

In-house welding wire development
for the new saline-resistant weathering
steel
After achieving good corrosion properties
on newly developed saline-resistant
weathering steel, the development of a
dedicated welding wire was launched.
Different chemistries compatible with the
saline-resistant weathering steel were
selected, processed, and tested in the lab
with the goal of producing solid wires in two
different final diameters:
— ∅: 1.2 mm for low heat input weldability
assessment with gas metal arc welding
(GMAW)
— ∅: 4.0 mm for high heat input weldability
assessment with submerged arc welding
(SAW)
Testing of lab-developed wires was
done through multi-pass arc welding
experiments performed on 20 mm thick
saline-resistant weathering plate, which
simulated the conditions of low and high
heat input welding as specified in the

welding pre-qualification standards. Highstrength values – well above the minimum
requirements for S355 and S420 – were
measured in all welds. Excellent Charpy
impact and CTOD fracture toughness could
be achieved in the weld metal using the lab
welding wire developed in-house. These
results confirm that lab-developed solid
wire is suitable for upscaled production at
industrial level to meet future requests from
customers.
Recently, weld samples produced with the
lab-developed wire have been included in
an offshore exposure campaign in a WestAfrican tropical area to assess their longterm corrosion performance in the harshest
conditions.

Without a doubt, tailored
welding solutions will also
bring added value to new
applications using existing
steel grades.
Özlem Esma Ayas Güngör
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Translating a hot-dip concept into a thermal
spray process creates some exciting scientific
and engineering challenges
Beril Corlu

Spray technology for more
sustainable offshore wind towers
Currently, thermal spray metallic coatings are used to protect offshore wind
towers against corrosion – in combination with several topcoats for certain
application fields. As the offshore market is seeking more durable products and
ways to reduce the maintenance cost, the concept of a pre-coated steel plate
emerged. Such a solution would not only reduce the manufacturing cost, but it
would also allow the manufacturer to increase its capacity.

Zn, Al and Zn85/Al15 are the conventional
references for thermal sprayed metallic
coatings, and hot dip galvanised Magnelis®
– with its well-known superior corrosion
performance in chloride containing
environments – is the high-end steel
reference. We worked towards developing
pre-coated plate concepts (process &
product) for offshore wind towers, which
could be extended to welded beams,
sections from plates and LSAW pipes.
For this purpose, arc spray and cold
spray technologies for several coating
compositions were screened at laboratory
scale.

The corrosion properties of these coatings
were analysed by means of accelerated
corrosion tests and interpreted by
considering the coating composition, the
microstructure and the corrosion products
formed on the surface. Novel thermal spray
alloy compositions could be produced, and
very promising results – compared to the
reference coatings – were obtained in terms
of corrosion performance.
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In collaboration with
ArcelorMittal, OCAS has
developed Magnelis®-coated
HyPer® steel grades to answer
the solar market needs for ever
stronger and more ductile, yet
lighter and thinner, steel grades
– all with enhanced corrosion
resistance.
Arunim Ray

High strength meets
high protection for solar
Today’s interest in metallic-coated structural steel grades for solar markets is
shifting towards increasingly stronger – yet lighter, thinner, more ductile and
corrosion-resistant – steels in order to build structures that are more reliable,
strong, durable, and affordable. In collaboration with various ArcelorMittal plants
across Europe, OCAS is currently developing an extended family of metalliccoated high-strength steel grades to meet the manufacturers’ ever-increasing
demand.

MAGNELIS®-COATED HYPER®
HIGH-STRENGTH STEEL
Starting from small lab-scale experiments,
OCAS has developed high-performance
‘HyPer®’ steel grades with robust and
flexible metallurgical concepts using
tightly controlled chemical compositions
and micro-alloy strengthened fine-scaled
microstructures. Moreover, Magnelis® is one
of the best-in-class coating solutions, with
excellent in-use properties and a wide range
of feasibility as well as being the most costeffective for photovoltaic solar structures.

In recent months, successful
industrialisation of the metallurgical
concepts and coating solutions at different
ArcelorMittal plants has led to the first
commercial Magnelis®-coated HyPer® highstrength steel – with more than 700 MPa
yield strength showing excellent ductility
and in-use properties. This steel provides
industry-leading corrosion protection, with
thicker coatings – up to 430 g/m² and even
more – further enhancing the durability of
the solar structures.

OCAS is currently optimising the
metallurgical routes to extend the
ArcelorMittal ‘Magnelis®+HyPer®’ offer
for the various strength levels at different
thicknesses, combined with a range of
coating weights for multiple ArcelorMittal
galvanising lines. This extended competitive
offer will allow differentiation – and
‘Magnelis®+HyPer®’ is likely to become the
reference material for solar structures.
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At OCAS, our ambition is to remain at the forefront
of technology and innovation in electrical steels,
driven by the global car electrification.
Nikolas Mavrikakis, Elvan Ekiz & Jan Rens

Electrical steels to power vehicle
electrification
Climate awareness and global CO2 emission targets are leading the way towards a
carbon-free future. Energy and transportation are two key sectors for CO2 reduction.
Electrical steels, which constitute the core of electrical motors, are at the epicentre of this
‘technological revolution’. Electrical steels are key materials for harnessing the kinetic
energy from wind, hydro, and generators in general, for sustainable energy installations.
In more compact motors, they power the electric engines that drive car electrification.
Automotive production is expected to be driven by car electrification and e-mobility in the
EU over the coming years, with a forecast of a 15 times increase in electrical steel demand
by 2030 for the expected production of more than 17 million electric vehicles.

As the unique R&D centre of ArcelorMittal
for electrical steel product development,
OCAS is at the forefront of this global
transition, developing new and ever better
non-oriented electrical steel products.
Through cutting-edge research, from
European research consortiums to industrial
activities support, our ambition is to
remain in the vanguard of technology and
innovation in electrical steels towards a
greener future. Working closely with, and
in support of, the ArcelorMittal plants, we
bring the know-how to constantly expand

the ArcelorMittal iCARe® products, offering
very low core losses, high torque density,
and high strength for future e-motors.
To support our material research activities,
we rely on our advanced electromagnetic
characterisation laboratory, which is well
equipped to fully characterise all magnetic
and electrical aspects of electrical steel
and its coating. Furthermore, special
methodologies have been developed to also
measure the properties of the electrical
steel when it is incorporated in its final
application.
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Identification of electrical steel market
needs through market intelligence
analysis
In the past decade, market intelligence analysis has been intensively used to understand market dynamics and to
anticipate future evolutions. Soft magnetic materials, such as non-oriented electrical steels, are widely used in numerous
and diverse applications: from motors in kids toys to hydro-power-plant generators. Due to this huge spectrum of
applications, it is essential to apply a market intelligence framework – including the segmentation analysis – to identify the
market needs for each segment. In principle, the market of non-oriented electrical steel can be divided into four segments:
energy, transportation, industry, and residential. The following paragraphs provide a glimpse of some applications, focusing
on the Energy transition and e-Mobility markets.

ELECTRICAL STEEL IN THE
ENERGY TRANSITION MARKET
Wind energy is considered to be the most
promising renewable energy, and it is
expected to penetrate the world’s electricity
production significantly. Wind energy
is obtained by converting kinetic wind
energy to electric energy using an electric
generator. The wind energy conversion
system is categorised according to whether
it is based on the drivetrain architecture
or on electric generator technology. These

factors will largely determine the selection
of electrical steel grades in order to achieve
optimal system performance.
From the drivetrain architecture point of
view, the geared drivetrain is the common
technology. However, there is a strong
interest nowadays in the direct drivetrain
architecture, especially in offshore wind
farms. Thanks to the absence of the gearbox,
the system is more reliable.
In practice, there are several electric
generator topologies depending on

the drivetrain architecture and speed
variability. Currently, the geared drive
doubly fed induction generator, operating
at a moderate speed range, is the most
dominant generator topology. On the other
hand, the direct drive low speed permanent
magnet synchronous generator is the most
promising topology for the future, especially
in offshore windmills. This is because of
its high performance – including the high
efficiency and power density – which results
in substantial energy-savings each year.

ELECTRICAL STEEL IN THE
E-MOBILITY MARKET
Transportation is regarded as one of the
main sectors responsible for greenhouse
gas emissions. In order to achieve the
ambitious climate goals (i.e., net zero CO2
emissions by 2050 in the European Union),
the electrification of different means of
transportation has become a pivotal goal for
all of the major transportation OEMs. The
e-Mobility market is very wide, as it includes
the electrification of land, water, and air
transportation.
In the land transportation sub-segment,
and in addition to the booming electric
vehicle market, there is a substantial
effort to electrify buses, trucks, and
railway vehicles. Electric vehicles are
the most demanding market in terms of
high efficiency and compact powertrain
architecture requirements, where the rareearth permanent magnet traction motor
is the dominant topology. However, for
sustainability reasons, combined with the
significantly fluctuating prices of rare-earth
permanent magnets during the last few
years, electric traction motor manufacturers
are looking for alternatives. On the other
hand, thanks to the space available in buses
and trucks, the compactness of traction
motors is not really necessary. High power
traction motors are often used in electrified

Market intelligence analysis
is key to understanding
the market dynamics
and anticipating future
evolutions.
Ahmed Abdallh

railway vehicles, due to the massive weight
that needs to be driven.
For marine applications, such as modern
electrified ships, high-power and lowspeed propulsion motors (often placed in
external confined pods) are utilised where
compactness is a prime concern. Electrified
aircraft are still in the early stages of
development, due to safety and reliability
concerns, and considerable research
is being conducted to overcome these
challenges. In this niche market, extremely
compact and light-weight propulsion motors
are essential.

In a nutshell, based on this market
intelligence analysis and using the
segmentation approach, we are able to
identify the electrical steel requirements
in each application – which depends not
only on the electric machine topology that
is used, but also on the entire powertrain
architecture. This knowledge helps us
develop the most suitable electrical steel
grades in order to support our customers in
achieving their goals.
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Bonding varnish, a universal solution
In recent years, the electric motor has been increasingly used to replace the conventional
combustion engine in order to reduce carbon emissions. Now, the electrification of vehicles
is urgently demanding high-performance motors. Electrical steel, a high silicon containing
and thin sheet steel, is the soft magnetic material for the motor’s stator and rotor. These are
composed of hundreds of stacked magnetic steel sheets. Insulation coatings on both sides
of the electrical steel sheet obstruct the interlaminar eddy current, excited by the alternating
magnetic field. Conventionally, welding/interlocking/clamping techniques are used to fix the
magnetic core. These conventional fixation techniques have a huge impact on the magnetic
properties of the electrical steel.

With interlocking, a mechanical connection
is made between adjacent laminations
by partially punching a tab through the
thickness of the lamination and later pressfitting this tab into a matching depression
on the top surface of the lamination
stamped immediately prior. This approach
works well for thicker steels, but becomes
more challenging the thinner the steel.
Interlocking and welding also introduce
short circuit paths between the laminations,
as they penetrate through, or bridge across,
the insulating core plate coating on the
steel surface, creating eddy current paths.
Though this effect has been known for some

time, more recent work has shown that,
with the use of thinner steels and higher
fundamental core excitation frequencies,
the adverse effects of interlocking and
welding on unitised core magnetic
performance are increased.

DOUBLE FUNCTIONALITY
To overcome this drawback, an approach
has been developed over the last 10-15
years, whereby the laminations are bonded
together using an adhesive. Several
competing approaches have been developed
using a glue in the stamping process or a
mill-applied bondable coating. The risk in

applying a glue between the laminations is
incompatibility between adhesive and core
plate coating on the steel to be bonded,
which can vary between steel suppliers.
The bonding varnish is a more universal
solution: directly applied on the electrical
strip, which has a double functionality, it
acts as an insulating material, as well as to
bond laminations when thermally activated
under pressure. The curing process
comprises of 2 stages:
(1) The first stage is the drying phase in
which a dry, non-sticky, flexible and still
reactive coating is formed, withstanding

I’ve never before experienced such a fast product
development in my 17 years at OCAS. The technology is not
new, but industrialisation is never a given fact.
Nathalie Van den Bossche

core plate processing (like slitting and
punching).
(2) Once stacked, the individual sheets are
positioned in a heated press. The varnish
softens, cures and bonds to the adjacent
steel sheets. Thanks to the self-bonding
technology, the key material properties of
electrical steel strip remain intact.
As a significant share of the automotive
volume is expected with bonding varnish
in the near future, ArcelorMittal decided to
extend their product range with the doublesided coated bonding varnish. Triggered by
automotive customers who are investigating

the usage of bonding varnish for the next
generation motors, the first industrial trials
were done. Meanwhile, the first customers
report good adhesion results, matching their
expectations.
Although bonding varnish is a promising
technology, the biggest obstacle for its
large-scale application is the concern about
mechanical failure of the adhesion under
periodic load conditions at an elevated
temperature during the operation of the
motor. This will need further investigation.
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Higher-strength low-loss Electrical Steels:
enabling optimal designs of electric
traction motors
HIGH STRENGTH, LOW LOSS
In automotive applications, selecting the
traction motor design has a significant
impact on the cost and performance of the
final product. Moreover, it strongly influences
the powertrain architecture design of the
hybrid/full electric vehicle. Electrical steel,
for stator and rotor cores, plays a vital role in
the design of the traction motors.
The main requirements for electric traction
motors are high energy efficiency combined
with high power density. High energy
efficiency in a wide speed range can be
obtained by using low-loss electrical steel
grades, maximising the vehicle’s driving
range and allowing machine designers
to downsize cooling systems. High power
density – in other words, more compact
motors for the same power output – can be
obtained by using electrical steel grades
with higher yield strength, depending on
the motor design strategy.

In addition to the performance
enhancement requirements, improved
sustainability and overall cost-reduction
demand the use of fewer materials such as
copper and rare earth permanent magnets.

iCARe® 420 SAVE GRADES
The recently developed iCARe® 420 Save
grades offer higher mechanical yield
strength (at 420 MPa) than standard iCARe®
Save grades (at 400 MPa), without affecting
their outstanding magnetic properties. This
makes iCARe® 420 Save an ideal choice for
enhancing the magnetic properties required
in stators, while simultaneously providing
the necessary mechanical properties
needed for rotors. Moreover, both stators
and rotors can be punched out of the
same iCARe® 420 Save grade, reducing the
material and manufacturing cost.
The iCARe® 420 Save grades are particularly
useful in those traction motor topologies

where the higher yield strength can be
exploited to its maximum, such as in
V-shaped rotor interior permanent magnet
(IPM) synchronous machines. These
are widely used in electric vehicles and
accepted by several automotive OEMs.
Despite the excellent performance of this
motor topology, the rotor design remains
a challenge and needs special attention.
From the electromagnetic perspective, flux
barriers (i.e. bridges) should be minimal to
avoid flux leakage. On the other hand, the
thickness of these bridges must be large
enough to sustain high mechanical stresses
due to centrifugal force. This is a critical
design aspect – especially at high-speed
operating conditions – to avoid plastic
deformation, and, consequently, fatigue and
machine failure. iCARe® 420 Save grades
allow the use of shortened iron bridges
leading to noticeable improvements.

Target
Target
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Reference
Case 1

Energy saving
Energy
saving
Central
bridge

ES

Case 1

Case 2

Cu

Case
2
Case 3
Case 3

Cu & PM saving

Cu & PM saving

PM

Compactness

Compactness

Traction motor performance chart for the investigated cases compared
to the reference and targets.

Bilateral bridge
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diagram of the studied interior permanent magnet traction motor. Due to
Tractionperformance
motor performance
for the investigated cases
compared
Schematic
diagram of the studied interior permanent
Traction motor
chartchart
for the
symmetry, only 1/8 of the geometry is shown.
to the reference and targets.
traction
motor.
Due
to and
symmetry,
1/8respectively.
investigated cases compared
to the reference
ES, Cumagnet
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to Electrical
Steel,
Copper
Permanentonly
Magnets,
of the geometry is shown. ES, Cu and PM refer to
and targets.
Electrical Steel, Copper and Permanent Magnets,
respectively.

Our expertise in material
characterisation and motor
modelling allows us to
support our customers
in creating optimal and
sustainable traction motor
designs for future green
e-Mobility
Ahmed Abdallh
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NUMEROUS DESIGN
OPPORTUNITIES
Depending on the designer’s main interest,
utilising iCARe® 420 Save grades enables
numerous design opportunities compared
to the iCARe® 400 Save grade at the same
thickness and at iso-power conditions. The
following cases illustrate these opportunities:
Case 1 – Thanks to lower stator current
enabled by shorter iron bridges, the motor
can be optimised for energy-savings of up
to 5%. From the vehicle perspective, this
significant energy-saving improvement
leads to an extended driving range or

fewer batteries and/or lower motor cooling
requirements.
Case 2 – By optimising the motor axial
length and fixing the stator current, a
reduction in volume of up to 1.6% can be
achieved in addition to 2.6% energy-savings.
In this particular case, there is an additional
gain in terms of material-savings. Traction
motor compactness is crucial to improving
driving performance (vehicle acceleration,
for example) and creating more space for
the powertrain and for passengers.
Case 3 – On top of compactness and energysavings, the permanent magnet size can be

further reduced, leading to smaller bridge
thickness. The smaller size of rare-earth
permanent magnets (reduction of up to
4.5%), in addition to reducing copper (by up
to 1.7%), leads to a less costly – as well as
a more sustainable – motor design, which
enhances the vehicle’s ecological footprint.
In conclusion, thanks to its superior,
guaranteed yield strength, combined with
low losses, iCARe® 420 Save grade increases
traction motors design degrees of freedom
by enabling greater energy-savings, higher
compactness, and significant materialsavings.
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DURABILITY
& LIFETIME PREDICTION
Durability & lifetime prediction are not just
buzzwords, it is at the heart of everything
we do. Being confronted with the increasing
demand in and cost of energy, it is essential
that material products become more costefficient and durable, and that asset owners
can assess whether their infrastructure is
fit-for-purpose at any time. This is valid
for both traditional and renewable energy
sources.
OCAS is in a good position to deal with all
aspects of durability and lifetime prediction.
First, we develop, optimise, and bring
steels into production for different types of
applications. Steel, nearly 100% recyclable,
remains an optimal base product, both in
cost and performance, for a wide range
of customers worldwide, no matter what
sector they are operating in. But the base

steel alone cannot meet all customers’
requirements. Its performance needs to be
complemented by adequate joining methods
and coating technologies that add real value
by upgrading its base performance in terms
of longevity and durability. And hereby we
try to implement learnings across sectors.
When steel products are used in industrial
assets, they can be prone to unexpected
environmental circumstances, loading
conditions or even design errors. The OCAS
Technical Support and Services team,
together with our sister company ENDURES
and OCAS’s spin-off GUARANTEED, is
involved in analysing failures, proposing
adequate repair methods and remedy
actions to prevent failures from occurring
again.

In this field, digitalisation is clearly present
as well. Customers are more and more
interested in knowing the real performance
of their critical components, to push the
boundaries of traditional conservatism.
So, we not only need to get involved in the
fit-for-purpose analysis, but we also need
to be able to monitor performance on-site.
This means that we need to interpret the
readings of a structural health monitoring
system and translate them into remaining
life assessments (supported by advanced
FEM studies), sound the alarm in case of
overloading, or track exploitation habits of
various user teams, etc. So, to address our
customer’ needs, apart from being a steel
developer, we need to be able to predict the
integrity of the end-user’s component too.

This durability and lifetime prediction
section will give some cases whereby we
look at the properties of the base steel,
such as its resistance to wear, fatigue,
and corrosion. At the same time, you can
discover our work on the structural aspects
of critical steel components through design,
testing qualification (including XL size) and
development of new methodologies whilst
implementing those across different market
segments.
Examples are for instance the JaCo project
whereby we push the limits of offshore wind
foundations design applications whilst we
sell the testing methodology to a partner,
active in the traditional energy segment,
across the Atlantic. You will discover the
benefits of structural health monitoring

and digital twin capabilities of SafeLife. We
also feature cases of Amstrong® Ultra high
strength steels, Magnelis® high corrosion
resistant metallic coating e.a. All this, whilst
energy transition remains at the heart of
what we do. We showcase the equipment we
used to qualify the AM-BLADE in traditional
oil discovery markets for future use with CO2
for CCS applications. So, whilst we develop
the steels of tomorrow, we are proving
the integrity of today’s steels with new
applications as well.
Nico De Wispelaere, Marc Vanderschueren
& Tom Waterschoot
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Thanks to our extensive
metrology equipment and
the combined knowledge of
surface characterisation and
corrosion, we were able to
develop a new methodology
to describe the statistical
distribution of corrosion
pits for unprotected surfaces
exposed in seawater
Philippe Thibaux

Fatcor: corrosion fatigue
for offshore applications
The Fatcor project is a fundamental research project funded by Belgium’s Federal
government. Coordinated by OCAS, Fatcor is a collaboration with the companies Iemants,
Parkwind, and Rentel, Ghent University, and the Belgian Welding Institute. The objective is
to define the fatigue life of a component that was originally protected against corrosion, but
for which the corrosion protection system is defective. In this condition, the design fatigue
life is theoretically decreased dramatically.

In the first year of the project, OCAS made
a summary of the corrosion protection
systems applied in the Rentel and Parkwind
offshore wind parks. The most sensitive part
is in the splash zone, which is protected by a
coating, but which can be damaged.
A new quantitative method was developed
to characterise the dimensions of the
individual pits present on a corroded
surface. For this investigation, samples
that were exposed in a monopile for 18
months were characterised. The analysis
makes it possible to describe the statistical
distribution of the surface defect present in
an unprotected offshore structure. As these

defects are expected to be stress raisers
and locations in which fatigue cracks are
expected to be initiated, their quantification
brings information to reduce unnecessary
conservatism.
Now that the statistical distribution of the
pits on a surface exposed to sea water has
been characterised, the next steps are to
reproduce these surfaces in the laboratory
at an increased pace, and to measure the
fatigue performance of samples in either dry
or wet conditions. OCAS has engineered and
put into service a specific device to measure
fatigue performance in wet conditions. The
first results look promising.
Durability & Lifetime Prediction
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The CRONOS system sets
a new standard for future
large-scale fatigue testing
activities.
Marc Vanderschueren

Better understanding
of fatigue performance
Offshore wind foundations are prone to fatigue damage, mainly through the loading of
the wind turbine. With increasing turbine size and installations moving to deeper waters,
CAPEX is rising. Still, we are using industry design rules dating from the 80s. Both steel
production and welding techniques have evolved quite a bit in the meantime, so it was time
for an update of the current performance vs. the standards.

ACCELERATED TESTING ON FULLSCALE NODES
Responding to this market need, OCAS
proposed a new approach, which has led
to the start of the Jacket Connection (JaCo)
project. This industrial research joint
industry project aims to develop a better
understanding of fatigue performance
by accelerated testing of full-size jacket
nodes joined by existing manual and novel
automated welding processes. ‘Full-size’ is
important as this is the only way to get the
results into the design standards without
extra conservatism and unnecessary cost.
The acceleration is important as traditional
fatigue testing, by means of hydraulic rigs,

is a very slow process. As the certification
bodies require many data points, OCAS
designed, engineered, and installed its
unique CRONOS fatigue test bench, capable
of accepting large specimens and testing
them much faster than the traditional
systems do. Under the auspices of the
Carbon Trust Offshore Wind Accelerator
(OWA) and eight leading offshore wind
operators, OCAS is performing important
testing and simulation work.

QUALIFICATION ACHIEVED
In 2021, the CRONOS bench was qualified
to deliver fully equivalent test results
compared to hydraulic testing rigs. This

means that the offshore wind industry – in
the form of the Carbon Trust OWA, leading
operators ORSTED, VATTENFALL, SHELL,
EQUINOR, IBERDROLA, SSE, SIEMENS
GAMESA, and ENBW, and the certification
bodies DNV and BUREAU VERITAS – now
all recognise that fatigue testing can be
performed on full-scale specimens at least
20 to 40 times faster without compromising
results.
Such recognition opens a new field of
applications for OCAS in terms of testing
geometries for different applications –
whereas, in the past, multi-year testing
campaigns were required. This encompasses
fields such as validating new technologies
Durability & Lifetime Prediction
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for joining tubular elements into nodes,
qualifying new robot welding techniques
towards optimised fatigue design,
upgrading the performance of welded
beams, validating the allowable tolerances
in bolted flanges, and more. All these
topics aim to either reduce the energy cost
or extend the lifetime of critical metal
components. Apart from the benefit for the
industry players, such an approach places
OCAS at the forefront when it comes to
validating and qualifying technologies to
manufacture more fatigue-resistant metal
components.
Whilst we cannot yet divulge the test
results on jacket nodes of the individual
manufacturers, several automated welding
technologies could offer nice possibilities
towards a component fatigue life upgrade.
The JaCo project aims to come to completion

soon, whereafter the certification bodies
will take positions on the conditions
for implementing the results into their
guidelines. This will be key for operators
who want to use those guidelines to extend
the life of their foundations or to create a
cost-reduced design.
Going forward, we are aiming to set up a
new project on further fixed-bottom offshore
components to use the IP-protected CRONOS
testing system. In parallel, we will start up
our efforts to look at the next generations
of foundations for floating wind, which
will see a major deployment by 2030. The
bold move OCAS took of developing and
commercialising a unique and novel largescale test system in a conservative market
is paying off and paving the way for more
industrial research service projects in the
years to come.

OCAS delivers accelerated
fatigue testing equipment
OCAS was called upon by the company Mechanical Testing Services LLC
(MTS) (located in Houston, Texas) to deliver an accelerated fatigue testing
installation. MTS provides equipment testing-related services for a full range
of industries and companies in the energy sector and various industrial
markets. Their state-of-the-art facility offers the expertise and competence
for full-scale testing in accordance with various international standards. From
their traditional energy customer base, MTS has acquired significant technical
expertise in qualifying tubular connections with their test equipment. To extend
their service offering with the addition of accelerated fatigue qualification tests
for threaded tubulars and girth welds, MTS called upon OCAS’s experience
with resonant bending fatigue.

MTS AND OCAS JOIN FORCES
Drawing on our know-how, OCAS designed,
engineered, and commissioned the
‘HIPNOS-US’ test bench to satisfy the
specific needs of MTS. Throughout the
process – and despite the pandemic – MTS
and OCAS have been in very close contact
to ensure that all aspects of the scope have
been met. This resulted in a high-quality
test set-up. MTS checked the system at OCAS
prior to shipping, and OCAS engineers went

over to Houston to commission the test setup. OCAS also transferred its knowledge and
trained the MTS staff in using the equipment
as well as in analysing and interpreting the
fracture and fatigue aspects.

services and asset integrity analysis, but
now also specialised equipment delivery
and methodology transfer to a key testing
and engineering house in the USA. OCAS
will, of course, continue to support MTS in
this field.

EXPANDED SERVICE OFFER
FOR BOTH
One important result of this project is that
OCAS has expanded its service offer to
include not only research projects, testing
Durability & Lifetime Prediction
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Due to the pandemic
restrictions, it has been
challenging to deliver our
OCAS fatigue testing system
within an ambitious time
frame and with elaborated
on-site support. So, we are
pleased to have succeeded so
well. We are grateful to MTS
for their trust in OCAS and
their collaboration throughout
the project.
Jeroen Van Wittenberghe
& Kris Hertschap
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Smart structural health monitoring
clearly reduces downtime
and replaces schedule-driven
maintenance with condition-based
maintenance. It increases the safety
and longevity of our customers’
assets.
Jeroen Van Wittenberghe

Structural health monitoring renders
industrial assets smart
OCAS combines its competencies in the
fields of advanced material characterisation,
numerical modelling, large-scale testing,
and welding assessment in its service offer
on structural health monitoring of industrial
assets. Our smart approach can be applied
in a wide range of applications, especially
for capital-intensive assets.
OCAS managed SafeLife, a funded project in
which industrial assets from project partners
ArcelorMittal Gent, Infrabel and C-Power are
instrumented. Additional partners Sentea
and 24Sea added value on data acquisition
and data flow. The academic partners of
UGent and VUB contributed with advanced
measurements, modelling and analysis
techniques.

MONITORING AND DIGITAL TWINS
TO SAFELY EXTEND LIFETIME
The need for reliable data in structural
health monitoring of industrial assets
is clear. OCAS uses its expertise in the
behaviour of these structures under real

operating conditions through advanced
load and condition monitoring. This data
is mirrored virtually using a digital twin.
The outcome is translated into customer
recommendations regarding risk-based
inspection and preventive maintenance.
Structural health monitoring enables a more
informed view on the fitness-for-purpose
of safety-critical equipment such as large
industrial assets, overhead cranes, vessels,
and so on. Digital twinning provides a
reliable tool for safely extending the lifetime
of the structure.

LARGE-SCALE TESTING TO
VALIDATE
The introduction of novel materials or
assembly techniques often requires formal
qualification. In this case, OCAS offers
versatile large-scale test set-ups. The results
of these experiments have a high added
value when applied to inspection method or
performance validation.

Moreover, large-scale testing is a strong
asset for assessing the safety level of
complex welded structures or, in the case of
damaged components, gaining knowledge
about remaining lifetime.

LOAD AND DAMAGE MONITORING
TO PREDICT LIFE EXPECTANCY
As structural health monitoring is
being performed while the structure is
in service, it enables us to predict and
identify damage. Then, inspections and
servicing of equipment can be scheduled
in a cost-effective way. Powered with realtime data, OCAS experts can predict the
structure’s remaining operational lifetime
and implement a risk-based inspection
philosophy that allows them to reduce the
operational expenditure, and extend the
operational lifetime.
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Our dedicated OCAS task force offers a
versatile skill set in welding, corrosion,
fatigue and fracture. We are confident
we can add value by supporting our
customers in asset integrity management
and de-risking of capital-intensive
projects.
Filip Van den Abeele & Christoph Gerritsen

Fast response prevents failure
OCAS has a strong track record in tackling challenging engineering problems involving
welding, fatigue and fracture. With the recent acquisition of ENDURES by FINOCAS,
the combination of OCAS and ENDURES as sister companies has strengthened our
global service offer in corrosion and material degradation. And we continue to invest in
competences related to durability and lifetime prediction. We have assembled a multidisciplinary task force to address the rising demand for asset integrity management
services.

EVALUATING FITNESS-FORPURPOSE
In the metals and mining industries, the
opportunity costs associated with deprived
production are substantial. Hence, ensuring
the reliable operation of safety-critical
equipment can unlock value. In recent
years, this dedicated OCAS team has been
mobilised to support different cases on
reliability of industrial assets. We’ve assisted
customers and key accounts across the
globe with forensic failure investigations,
root cause analyses of fatigue and fracture,
and integrity assessments of welded
structures. The scope of these interventions
has covered large industrial assets such as
overhead cranes, pipelines and pressure
vessels. Thanks to our lean organisation,

we’ve been able to deploy experts with the
right skill set overnight to address the needs
of our customers swiftly. By performing
Engineering Critical Assessment (ECA),
we’ve also been able to evaluate whether
flawed structures were still fit-for-purpose.
Combining our experience in weld integrity
and computational fracture mechanics
allowed us to take a more informed decision
on lifetime extension of ageing assets.

evaluating the redundancy of the design, we
can identify potential flaws already in the
early stages of the project. This proactive
approach de-risks capital-intensive projects
and can prevent potential failures and costly
mistakes.

DE-RISKING CAPITAL-INTENSIVE
INVESTMENT PROJECTS
In addition to our reactive response to
asset integrity, we can unlock value by
reviewing investment files for capital goods.
By scrutinising the material selection,
challenging the engineering approach, or
Durability & Lifetime Prediction

89

Sheared or laser-cut, Amstrong® Ultra MCL
series were proven to be a durable solution,
surpassing the design curves proposed by
the current standards.
Okan Yılmaz

Challenging design criteria
for improved fatigue performance
There has been an increasing demand for ultra-high-strength steels, especially in applications where
weight reduction, consequent fuel and energy savings, higher payloads, and easier road homologation
are desired. ArcelorMittal’s Amstrong® Ultra MCL series – with a minimum yield strength ranging from
650 to 1100 MPa – is ideal for thinner, lighter, and smarter solutions. Target applications include (but are
not limited to) yellow and green goods, trucks, tippers, cranes, and heavy mechanical equipment, where
stringent fatigue and toughness requirements must be met during design.

Decreasing the thickness of current products
for weight reduction results in increased
stresses, which make the use of ultra-highstrength steels essential. These materials
have higher yield and tensile strengths than
conventional mild steels and, although
not always proportional, they have higher
fatigue limits resulting in better durability.
To ensure safety under repeated loading, it
must be known that fatigue failure typically
originates from stress raisers. These stress
raisers can be inherent in the microstructure
(non-metallic inclusions), due to surface
condition (poor surface quality, high
roughness), or they result from joining

and cutting procedures. Naturally, before
the start of their service life, steel parts of
designed components must be machined
to their final shape, as they are supplied in
standardised shapes and sizes. Different
cutting strategies induce various physical
phenomena, such as tensile residual stress
pattern, micro-defects at surface, and heataffected zones when cut thermally within
the cut material, which affect the behaviour
under repeated dynamic loading. It is
essential to correctly identify and link the
effects of cutting methods to an important
in-use property, fatigue performance.

Available standards address the proper
cutting selection to a limited extent.
Overlooking the material strength and
cutting effects results in conservative
designs. OCAS’s recent experimental
campaign, focusing on shearing and
laser-cutting effects, demonstrated that,
especially at high-cycle and infinitefatigue life regimes, Amstrong® Ultra MCL
series were superior to the design curves
proposed by the current standards, which
demonstrates its potential for thickness and
weight reduction in designs.
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The study of wear dates
back to Leonardo Da Vinci.
However, there are still
processes that are not
completely understood. By
combining the knowledge
gained from testing (from
lab-scale to applicationscale) and simulations,
we aim to create solutions
for the wear issues of the
future.
Michiel Corryn
& Haithem Ben Hamouda

Wear testing: experimental
and numerical approach
Wear is generally defined as a damage process occurring at the interfaces between interacting bodies leading to the
removal (wearing away) of material. It occurs in almost every application where there is contact and friction – thus, this
problem is unavoidable. In a lot of applications, wear leads to an equipment failure or loss of functionality. In general, the
goal of reducing wear is to extend service life and minimise downtime. A key to this is understanding the different wear
processes that occur and thereafter selecting the right material for the application. It’s important to notice that, depending
on the process, the material behaves differently. Consequently, the material’s performance is not necessarily the same
when changing conditions.

AT THE LAB
One important aspect to this is laboratory
wear testing, for both the development of
novel wear-resistant grades and for the
ranking of suitable materials specific for
an application. At OCAS, two categories
of contact tests can be distinguished:
metal/metal and metal/mineral. Metal/
metal contact testing is often referred to as
tribological testing and can simulate the
conditions inside most industrial machines
and processes. Metals can be tested as
substrate or with a coating and/or with
lubrication applied. Our multi-function
tribometer, translatory oscillation test and
flat die simulator set-ups can be used to
simulate small-scale components subjected

to a few Newtons up to heavy industrial
processes loaded with several tonnes of
force.
The other category, metal/mineral contact
testing, simulates generally abrasive
processes where hard rough minerals
cause damage to metal surfaces. This is the
main failure mode in many applications
like mining, drilling and agriculture. The
ASTM G65 tests rank materials in terms of
their resistance to sliding abrasion. Our inhouse developed tumbler-impeller evaluates
the resistance to impact abrasion. Often
these two occur together – for example,
in dump trucks. These are often loaded by
dropping the cargo from above, creating a
need for impact abrasion resistant materials

in the dump bed. Additionally, during
transport and unloading the cargo slides
around causing sliding abrasion. Therefore,
both properties need to be considered.
Another scale of testing is single contact
sliding wear, also known as scratch
testing. This is commonly used to gain
fundamental knowledge on wear processes.
Such processes are often complicated to
analyse or reproduce in real applications.
Therefore, reducing the complexity to the
point of a single contact is a repeatable way
of characterising material behaviour. The
limited number of parameters (indentation
force, speed, and indenter geometry/
material) can be controlled independently
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to obtain different wear mechanics. This
makes it an ideal input for wear modelling.

IN THE FIELD
These tests can be applied to a specific
application only when its conditions are
understood thoroughly. Some cases are
already well-studied, for others in-field
inspection is needed. Therefore, a range of
portable measurement tools – such as ultrasound thickness measurement, microscopes
and hardness measurement – are available
to inspect in-situ part degradation.
Furthermore after failure, several destructive
techniques (electron microscopy, microhardness measurement, …) are relied on
accordingly for deep diving into the origin
back at the lab.

DEMONSTRATORS FOR
COMPARISON
On the other hand, some applications are
too complex to replicate exactly in the lab,
but they lend themselves to comparing
different materials. OCAS has experience
with organising such so-called demonstrator
cases where an array of materials is selected
in advance with the available knowledge
of the application. During the lifetime of
these materials, in-field inspection provides

useful information without significant
added downtime. At the end of the lifetime,
the materials can be studied further in the
lab.

TRIBO-CORROSION TESTING
Industrial components exposed to wear
are not always damaged under dry
conditions. The environment is sometimes
wet and favourable to corrosion processes.
Consequently, progressive material
degradation under wear and corrosion
conditions, also known as tribo-corrosion,
is due to both mechanical and chemical
actions.
Many references have reported that, under
these combined effects of corrosion and
abrasion, the material degradation results
in a mass loss that is much higher than
that obtained by the additive effects of
each process. This indicates a synergism
between wear and corrosion. This synergism
often causes aggressive damage in many
applications such as mining, mineral
processing, chemical processing, and energy
production – which leads to very high cost.
The best way to develop a wear-corrosion
resistant grade is to build up a consistent
laboratory test methodology that can
provide fast and reproducible materials

ranking. Tests were performed using an
ASTM-G75 set-up, which is fine-tuned to
highlight the effect of corrosion during
the wear process. Five steel grades with
different microstructures have been studied
as an example and showed completely
different behaviour.
Conducting the tests in an acid accelerates
corrosion and produces the total wear loss
(a result of abrasion + corrosion + synergy).
Testing in plain water acts as a test with
only abrasion due to the short duration
of the tests. From different tests, the pure
corrosion material loss was deduced, which
was negligible compared to the other losses.
Thus, the difference in wear between acid
and water is mainly an effect of the synergy
between abrasion and corrosion. Three
types of behaviour have been differentiated:
— Similar wear loss in both conditions
— More wear loss in the presence of acid
corrosion
— Less wear loss in the presence of acid
corrosion
These effects cannot be separated and
should be studied in synergy – which can
provide answers for designing an acid-wear
resistant steel.

WEAR MODELLING
Modelling wear is an important tool for
optimal material selection. When wear
processes are understood fundamentally,
they can be simulated numerically. An
early and rudimentary example of this is
the Archard equation (1952). This equation
states that the amount of wear due to sliding
abrasion is proportional to the normal load
and sliding length, and that there is an
inverse correlation with the hardness. This
basically means that using harder material
results in less wear. However, this has
been shown to be the case only for certain
materials under specific loading conditions.
Understanding the wear mechanism is a
challenging issue, since it involves many
variables such as normal load, flow mode,
surface state, and material properties.
From a material design perspective, it is
important to understand the key mechanical
properties that are actively contributing
to the wear process. However, linking
initial bulk material properties to wear
performance doesn’t always give clear
answers and could be regarded as a coarse
approach. In fact, due to the dynamic nature
of the abrasive process, these properties are
locally altered at the contact zone. Here,
studying the anisotropic response of the

material surface (and subsurface) under
abrasive contact is a coherent approach to
investigating the key parameters for better
wear resistance. Modelling in this case is the
way to go.
Macroscopic mechanical models are fast
solutions for predicting material response
at the real scale. However, these models are
known to lack precious information on the
anisotropic nature of materials. Although
there are more and more advanced models
considering anisotropic behaviour, they
are still limited in use, primarily because of
the complexity of the calibration methods.
Thus, there is a need for a modelling
approach that can predict the local material
response at the scale of the microstructure.
Using this approach, one can capture not
only the material anisotropic behaviour but
also the stress localisation loci where there
is a risk of failure. Micro-mechanical models
– such as crystal plasticity models – are
known methods that predict the materials’
response at the grain size. Although these
models are generally qualitative, a coherent
modelling practice can provide real answers
to many questions linked to the material’s
performance.
Such techniques are not yet mature. OCAS
has modified some methods and applied

them to different wear cases to help develop
them, and this revealed some limitations in
their current state. On the other hand, some
parts in the toolset were quite interesting
in terms of methodology for simulating
anisotropic stress distribution considering
microstructural features. For example, the
scratch test simulation helped determine the
resolved shear distribution in the material
beneath the contact surface. Also, the
implemented damage model was applied to
the different slip systems in order to identify
the potential damage loci leading to wear
chips.
In conclusion, today’s toolset can
predict the stress-strain response using
the homogenisation technique. This is
interesting when studying the effect of
microstructural features (PAGS, RA, …)
on the mechanical behaviour and
retrieving semi-experimental laws such
as the Hall-Petch effect. Furthermore, the
damage model can be applied to these
microstructures under different load case
configurations (but at low scale) to help
identify the origin of the dislocation slip
plasticity failure.
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The knowledge we’ve
developed provides
guidelines for the design of
next-generation martensiticbased steels with excellent
property combinations.
Koenraad Theuwissen

When wear meets strength
In many applications, the durability of components is related to the wear resistance
of materials from which the parts are made. It is widely accepted that hard materials
have a good abrasion resistance, and the general consideration is that, the harder
the material, the longer its lifetime (slower wear). Therefore, hard martensitic
materials are usually selected for applications in which wear resistance is required.

This choice brings about multiple
challenges in terms of manufacturability
and in-use properties. For example, hard
martensitic materials tend to be brittle,
which makes it difficult to form parts. High
contents of alloying elements, needed to
reach the desired hardness, can negatively
affect weldability. The use of high-end
abrasion-resistant steels often comes with a
compromise made on other properties such
as elongation, toughness, or formability.
However, it has been shown that wear
resistance is not only related to hardness.
For instance, some applications in which
impact abrasion is involved could benefit
from increased material toughness.
Martensitic materials are also used as
ultra-high-strength structural steels for
applications in which high yield strength,

toughness and elongation are key. To obtain
these properties, the compositions and
processing are different than those used to
produce wear-resistant steels.
Martensite-based materials are considered
for the development of next-generation
steels for both types of applications. OCAS’s
researchers are attempting to bridge the
property gaps between the two product
families in order to obtain optimum
combinations of high strength, toughness,
formability and wear resistance.
Laboratory investigations have been carried
out on a wide range of compositions and
different processing routes have been
explored. This work has allowed us to
construct a large database of materials
with very different microstructures and

properties. The experimental evaluations
have enabled us to rank materials in terms
of performance for each loading condition,
indicating which composition and
processing combinations can be of interest
for further developments. In-depth analysis
of the generated data has provided better
insight into the process-structure-property
links for these materials.
In particular, the knowledge of the
microstructural features accounting for
a given material behaviour in different
loading conditions (such as tensile, impact,
sliding abrasion, …) can now directly be
applied to material design and selection. For
an optimal choice of material, this should of
course be combined with a good description
of the target application and the related
damage mechanisms.
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Updating our equipment for testing at extremely low temperatures with CO2
posed multiple practical challenges. All have been solved in a pragmatic
manner. Now, CCS test conditions can be applied safely and efficiently.
Jeroen Van Wittenberghe

Cryogenic tests with CO2
in the Tubular Testing System
Carbon Capture and Underground Storage (CCS) is a rapidly emerging solution for reducing CO2 emissions released into
the atmosphere. CCS aims to capture CO2 at the emission source and then transport it to an underground permanent
storage location. Possibilities for such locations include depleted gas reservoirs and unconnected aquifers. CO2 will
be injected into these subsurface layers through wells that need to be capable of handling the CO2 flow safely and
economically.

The oil and gas industry uses premium
connections to join the casings and tubings
sections that are used in well construction.
Premium connections are threaded
connections that include a metal-metal
seal to ensure that the casing or tubing
does not leak gas or liquid. The thread
ensures sufficient mechanical strength
to bear the loads the connection will be
exposed to in the well during its service
life. Standardised test protocols exist to
qualify such premium connections for use
in the oil and gas industry. As there are
distinct differences in the behaviour of CO2
compared to hydrocarbons, the conditions
in CO2 injection wells for CCS are outside
the design envelope of these connections.
Hence, OCAS has developed a new testing
protocol specifically for CCS applications.

Moreover, the full-scale test equipment has
been modified to accommodate such tests.
The main differences in the conditions are:
The temperature in a CCS well can become
very low, potentially as low as -80°C. This
occurs primarily when liquid-gas phase
changes are encountered and is explained
by the Joule-Thomson effect.
CO2 (and contaminants present in the
captured stream) is potentially corrosive,
also because of the potential condensation
of contaminants in the well.
Cyclic loading due to cycles in injection
flow and the lifespan of the project can be
more severe in number and magnitude than
typically considered in oil or gas production
cases.
The above conditions can affect the
connection performance because the low

temperatures can result in embrittlement of
the casing materials and thermally induced
high-tensile loads can occur in the tubing
and/or casing. Increased corrosion can
affect the metal-metal seal and material
strength, and CO2 acting as a solvent can
affect the pipe thread lubricant.
OCAS has updated the Tubular Testing
System to allow full-scale testing at
cryogenic temperatures using gaseous
and liquid-phased CO2 as internal
pressurisation medium. Next to this, the
leak detection equipment has been updated
to make it compatible with CO2 at very low
temperatures. This allowed OCAS to perform
CCS tests for a major oil and gas company.
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Throughout the premium connection
development project, the OCAS
competencies in the areas of finite
element modelling, advanced knowledge
of material behaviour, surface coating
development, and full-scale testing have
been successfully combined.
Jeroen Van Wittenberghe

Keeping tight connections
As global energy demand increases, the role of natural gas is becoming more important. To explore
and produce from natural gas reserves, gas-tight pipeline connections are required. Furthermore,
enhanced gas tightness for downhole casing and tubing lines will be needed for carbon capture
and sequestration (CCS) as well as underground hydrogen storage projects for the ongoing energy
transition.

MOST STRINGENT TESTING
QUALIFICATION CONDITIONS
Together with the ArcelorMittal technical
team in Houston, OCAS has developed
a state-of-the-art premium connection,
branded AM-BLADE. The connection
design was optimised through extensive
finite element analysis. In addition, a
lot of attention was given to simulating
correct preloading conditions, as these
are influenced by the coefficient of friction
between the contacting surfaces and
the frictional properties of the applied
lubricant. This resulted in a premium
connection with the highest technical
performance while meeting the most
stringent testing qualification conditions.
The full-scale qualification tests of the
AM-BLADE connection have been carried
out on the OCAS Tubular Testing System
according to the API 5C5 testing standard.

During the testing protocol, the connections
are subjected to extreme testing conditions
– including tension, compression and
bending loading combined with internal
and external pressure – all at ambient and
elevated temperature levels. During the test
sequence, the connections’ resistance to
galling and their sealability and structural
integrity are evaluated.

candidates for coating the connections
(pin and box) on flat lab samples, a specific
set-up was built to coat and cure large parts
uniformly. Once the methodology was
put in place to achieve a smooth, uniform
and adherent coating, the test could be
validated. The information gathered from
these tests is used for the preparation of the
engineering file to industrialise this new
solution.

DOPE-FREE COATING SOLUTION
To exclude the use of polluting thread
compound greases, OCAS worked on
the development of a dope-free coating
solution to replace the use of thread
compounds completely. This technology
was implemented using a combination
of lab-scale testing as well as full-scale
qualification testing to qualify the
connection design in combination with the
dope-free coating. After screening potential

INSIDE VIEW
In the ArcelorMittal premium connection
development program, finite element
simulations tackled specific load cases that
combine axial tension and compressive
loads with internal and external pressure
and even bending in 3D. These load cases
are selected from the load points that
are described in the testing protocol. The
analysis focuses on determining stress hot
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It’s exciting to establish a methodology that enables us
to optimise processing parameters suitable for the given
configuration and getting it right: a smooth, uniform and
adherent coating!
Marc Leveaux

spots during the different load steps and the
evolution of contact pressure in the metalto-metal seal and torque shoulder. The latter
two values are used to estimate the sealing
performance and the probability of galling
during connection make-up, respectively.
In addition to the sealing performance,
finite element analysis also enables us
to look ‘inside’ a premium connection.
Whereas full-scale tests only provide
macroscopic observations, FEA results yield
the deformations, stresses and strains at
any location within the threaded joint. In
this way, these FEA analyses results help to
speed up and steer the design process.

Finite element analysis is an established numerical tool
for developing new design concepts. On top of that,
it’s indispensable in supporting our customers with
the verification of the performance within complex
operational, testing and qualification scenarios.
Maarten Van Poucke
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Thanks to its outstanding corrosion
resistance, Magnelis® contributes to
raw material (Zn) preservation and
CO2 emission reduction.

Identifying corrosion products
is crucial for life-time
prediction. We had to push our
analytical tools to their limits

Philippe Verpoort

Myriam Madani

Magnificent Magnelis®
Magnelis® is a premium metallic coating on flat carbon steel for the construction and
energy market segments. Thanks to its outstanding corrosion resistance – at least 3 times
better than regular hot dip galvanised steel – Magnelis® contributes to raw material (Zn)
preservation and CO2 emission reduction.

CUSTOMERS’ FAVOURITE
The Magnelis® process and product
technology has a strong patent portfolio of
more than 10 patent families. Its dedicated
commercial approach resulted in a
successful ramp-up, unseen in the industry
segment: not only do customers shift easily
from commodity coatings to Magnelis®, but
they also identify future applications.
This unprecedented growth needs to
be underpinned by strong R&D project
leadership: managing the multi-year plan
to open more production lines or transform
existing galvanising lines into Magnelis®
production within the ArcelorMittal group.
OCAS is playing an important role to ensure
sufficient capacity. Whereas the full R&D

team provides the necessary support,
the OCAS team guides the production
evaluation and validation, based on product
appearance and other properties.
Because of the high added value of
Magnelis® with respect to corrosion
resistance, the trend is to promote
this material in extremely corrosive
environments. These specific environments
require dedicated research programs.
A first step is to increase the coating weight
of Magnelis® beyond the current catalogue.
A dedicated support team is guiding some
production lines to cope with the different
challenges, such as the robustness of the
process and avoiding defects linked to high
coating weights. Dedicated research on the

product performance of this new product
extension is also underway – investigating
its in-use properties in addition to its
corrosion performance.
Meanwhile, a next generation of metallic
coatings are already being developed in
the innovative metallic coatings platform
(IMpACT) to bring the durability of metallic
coatings to the next level. Efforts are being
focused on improving the performance of
metallic coatings for highly demanding
applications. Some promising concepts are
already being evaluated on pilot scale.
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Soil corrosion brings
new challenges to
corrosion research.
Franck Nozahic

Corrosion prediction models
The excellent corrosion properties of the Magnelis® coating in harsh environments resulted in an increased
demand for Magnelis® to be used in large ground-mounted and floating solar photovoltaic parks. Depending
on the soil and water corrosivity, differences in the Magnelis® coating’s lifetime can be expected. There is a
clear need from customers for guidelines on possible expected lifetimes of Magnelis® coated structures and
the degradation rate of the Magnelis® coating in these different soil and water environments. To meet the
customer needs, the development of corrosion prediction models for soil and water have been initiated.

EXCAVATE KNOWLEDGE
Soils are complex multi-phase environments
that depend on location and the governing
climate, and so it is extremely difficult to
evaluate soil corrosivity due to the large
diversity of variables. Supervised machine
learning methods are being applied to
generate a soil corrosion prediction model,
which is based on a soil corrosion database
that draws on available historic data from
lab soil corrosion tests, field exposures and
results from external sources.
Based on the Magnelis® soil corrosion
database, a regression model to predict the
corrosion rate is obtained. Strengthening
of the first model’s robustness is ongoing
for different sources, due to insufficient

long-term data and little variability in soils.
A long-term workplan has been launched to
triple the number of datapoints in 5 years
by performing additional field and lab soil
corrosion exposures.
Two large experimental matrices have also
been launched to generate data for the soil
corrosion model. First, a long-term field soil
corrosion exposure in 3 soils at the OCAS
Zelzate site has been started for a large
variety of materials and duration up to 15
years of exposure. The long-term vision
allows us to benchmark Magnelis® to other
materials, which will aid future metallic
coating development. Secondly, a large lab
design of experiments is ongoing to evaluate
the effect of multiple soil corrosion variables

in a larger variety of soils. Additionally,
continuous monitoring of the environmental
soil parameters will be combined with the
Magnelis® corrosion data.
Over the next few years, the generated data
will be fed into the soil corrosion database
and prediction model. In addition to
enriching the model with new data, further
model improvements are in the pipeline
based on the modern machine learning
developments. The developed model
helps support the expansion of Magnelis®
structures in the fast-growing market of
renewable energy.
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CORROSION OF MAGNELIS®
IN FLOATING PHOTOVOLTAIC
SYSTEMS
Floating solar structures offer power
generation companies a flexible solution
that can be deployed quickly and in areas
where there is high demand on land use.
The structures shield the water from the
sun, limiting evaporation. At the same
time, the water keeps the PV modules
cool, thanks to the system’s design, which
helps maximise the efficiency of the solar
panels. Magnelis® is currently being used
in the support structures for floating solar
PV panels and the walkways used by
maintenance personnel.

The use of Magnelis® for this application is
motivated by its excellent environmental
and corrosion resistance properties.
Magnelis® parts can be exposed to
aggressive environments depending on the
water’s composition and other exposure
conditions such as temperature, rain and
wind-caused wave splash. In the near
future, floating solar PV will be installed
in more demanding environments. As a
result, there is a need to strengthen our
understanding of the corrosion behaviour
of Magnelis® in floating solar environments.
In addition, a tool allowing us to estimate
the lifetime of Magnelis® in these conditions
will be valuable. The development of a

lake water database with the chemical
composition of the waters of >6000 lakes
in Europe and accelerated tests in the
laboratory will be a significant step forward.
The results of these studies were used to
design a large experimental matrix that will
generate enough corrosion data to build
a corrosion lifetime prediction model. In
parallel, long-term field exposures – at
OCAS as well as at customers’ sites – will be
launched in 2022.

Our soil corrosion research underpins
the global transition to renewable
energy to combat climate change.
Ansbert De Cleene
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In combination with local plant support
and sales, our expert TS&S team
addresses about 400 requests per year.
Pieter Vanduynslager

Durable technical support
The main mission of the ‘Technical Support and Services’ (or TS&S) team is to help our customers
when unexpected problems occur and to deliver long-lasting solutions to production plants as well
as their customers. For more than a decade, customers have been relying on our experience and
dedication to assist them in tackling difficult issues – be they corrosion matters, stamping problems,
welding troubles, or environmental issues.

Recently, we received a request to prove that
our organic coatings – used for roofs and
other applications – fulfil the most severe
environmental standards when it comes to
leaching of potentially harmful elements
(such as Hg, Cd, Cr, As, …) in rainwater. As
this request was of importance to multiple
customers, a standardized leaching test in
an electrochemical cell was carried out for
a whole range of coatings, after which the
run-off water was analysed using ICP-MS.
With these test results in hand, metal roof
producers can convince their customers
of the environmental-friendliness of the
materials they use.

The same trend is seen in the enamelling
business, which is dealing with ever stricter
rules concerning health and safety. For
this reason, the composition of the enamel
powder has changed over the years, and
heavy metals have been banned. These
changes impact the enamel properties,
such as adhesion, resulting in an increasing
number of requests about this issue. After
a first screening of the problem, we can
(among other things) assist in checking and
optimising surface treatments applied by
the customer. By creating a more reactive
surface, issues due to reduced enamel
adhesion can be avoided.

Furthermore, production plants frequently
ask us to assist in production-related
problems and product verification. Recently,
we evaluated e.g. the corrosion resistance
of a new type of chromate-free passivation
on zinc-coated products from a French
production plant.
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OCAS helps with the development
of quality evaluation methods that
can be applied along the production
lines.
Annick Willems & Veerle Van Lierde

Serving as technical support lab
to production plants
OCAS’s team provides technical support to several production plants and logically also to the
proximity steel plant of Ghent. Through these support activities, plants have access to all of the lab’s
competencies and specialised test equipment.

FROM WELDABILITY…
For processing reasons, coils are temporarily
seam-welded at the entrance of continuous
production facilities, such as annealing
or galvanising. However, today’s ultrahigh-strength steel coils are increasingly
difficult to weld, and any weld failure in
such an installation causes standstills and
delays. So, OCAS helped in evaluating and
inspecting these seam welds, as well as in
advising optimal parameter settings for the
welding installations.

coatings on the process and on product
properties needs attention. Therefore, OCAS
was involved in following up contamination
of the quench tank water, composition
checks of the metallic bath, evaluating
coating flexibility, microstructural
checks, corrosion performance, and so
on. Moreover, OCAS helped with the
development of quality evaluation methods
that can be applied along the production
lines.

FIT-FOR-USE
TO GALVANISING ISSUES
When galvanising lines expand their
production of pure zinc coatings to some
other metallic coatings – such as Magnelis®,
Galfan® and Optigal® – the impact of these

Within our technical support services that
we provide to nearby production plants, our
industrial asset reliability activities consist
mainly of:

— Fit-for-use evaluation: Advice on
material selection for new equipment,
or acceptance check for delivered (or
printed) components
— Failure analysis of broken components:
why did it fail? how can it be repaired?
what are the attention points when
replacing or repairing the component?
how can failure be avoided in the future?
etc.
Very often, failure is caused by a
combination of different damage
mechanisms, such as corrosion, fatigue,
overloading, wear, etc. Therefore, our
recommended solution must take these
various mechanisms into account.
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CASE:
HOT STRIP MILL DRIVE SHAFT
The root cause analysis of a crack, which
appeared in a component linked to the
drive shaft of the hot strip mill, allowed us
to conclude that the crack was formed due
to fatigue loading on a surface roughened
by pitting corrosion. Its protective paint
layer did not withstand the severe operating
conditions near the hot strip mill, and
the chloride containing cooling water
accelerated the damage.
In the subsequent discussions about the
failed component with the plant and
its supplier, we explained the failure
mode and supported the selection of an
improved solution by using a more durable
corrosion-resistant metallic coating. In
order not to weaken the underlying carbon
steel, keeping the risks of fatigue in mind,
low heat-input cladding techniques were
advised.
Demonstration samples of the proposed
solution with metallic coating were
produced, and OCAS evaluated them
regarding the quality of the interface
between coating and substrate. Microstructural and hardness changes at the
steel surface were compared to the bulk
steel properties. Significant differences in

hardness between the metallic coating and
the underlying steel, as well as between
the surface and the bulk of the steel,
would result in stress concentrations and
accelerate fatigue failure. Finally, based on
this study, the most promising solution was
implemented, and the components were put
back into operation in the hot strip mill.
A continuously growing part of the services
we provide to neighbouring plants is linked
to the reliability of their assets:
— When a component of a machine or
installation fails, OCAS is called on to
investigate the fracture and determine
the root cause. Based on the outcome,
we then advise how to repair or replace
the broken component. Due to poor
material selection, in combination with
an unadjusted welding procedure, a
wheel broke off from a skip car axle,
causing thousands of tons of production
loss. These skip cars top load the blast
furnaces. After determining the root
cause of this failure, OCAS offered
specialised welding advice on how to
repair the existing car and selected a
more suitable material for future skip
cars.

— When a new component needs to be
purchased, OCAS is often asked to
evaluate the quality of the proposed
supplier solutions. For the lifetime
evaluation of electro-galvanising anode
coatings from various suppliers, OCAS
designed and implemented a test
set-up to evaluate on lab-scale, via an
accelerated test, the various anodes and
ranked different suppliers regarding
anode lifetime performance. When
needed, OCAS can also be included in
discussions with the supplier’s material
specialists.

TRAINING ON FAILURE
MECHANISMS
These reliability studies are continuously
enriching the practical case studies used
in our training programme on failure
mechanisms in industrial circumstances.
The training primarily focuses on failure
mechanisms of metal components in the
fields of corrosion, fatigue and wear.

Our reliability studies are
used to enrich our training
programme on failure
mechanisms.
Annick Dhont & Nico De Wispelaere
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3

MATERIALS
FOR THE FUTURE

In the past decades, steel has been a driver
in reducing energy consumption and
CO2 emissions through enabling weight
reduction (increased strength), extending
lifetime (improved corrosion resistance
and wearability), optimising operating
conditions (higher creep resistance,
allowing higher operating temperatures in
electricity generation), etc.
As one of the leading product development
labs, OCAS has been involved in the
conception and industrial upscaling of the
various steel grades and coatings enabling
those environmental improvements. Of
course, we continue to develop steel grades
with further improved performance while

the steel industry is unfolding plans to move
towards net zero CO2 emission steel making.
A first important driver is the further
development of new generations of high
strength steels, with a focus on both
pushing known metallurgies such as high
strength low alloy steels or martensites to
the ultimate limit of their performance,
as well as enabling the industrialisation
of exciting new metallurgical concepts
such as high Mn austenitic or intermetallic
precipitation strengthened steels.
Another enabler to further push the lifetime
of a steel component is to optimise its
protective coating. Driven by the enormous
success of the Magnelis® new high

performing zinc-aluminium-magnesium
alloyed corrosion coating which is
substituting pure Zn in record time, OCAS is
already preparing the next upgrade based
on extensive lab screening and pilot scale
production.
At the same time, the steel making journey
towards net zero calls for numerous
process-related, logistical, and metallurgical
alternatives. OCAS is therefore initiating
R&D support to face these challenges. An
initial major step in the journey to zero
carbon emission lies in the increased use
of scrap, resulting in a direct reduction
of the CO2 emissions per tonne of liquid
steel. This perfectly illustrates the potential

of the circularity of steel making, but
unfortunately increases the level of impurity
elements in steel. OCAS is investigating
which levels of impurities can be tolerated
whilst still ensuring the correct product and
application properties.
ArcelorMittal is making clear progress
with their XCarb™ initiatives, facilitating
their customers’ plans to decarbonise, as
well as making investments to foster the
development of the technologies needed
to further increase production capacity
of these grades. OCAS is fine-tuning and
validating metallurgical routes to ensure the
product quality of this new product range.

Simultaneously, OCAS is expanding its lab
synthesis product offer and combinatorial
capabilities towards more complex and
higher melting point metals, such as
Nb-alloys and high entropy alloys, which
should allow us to expand our customer
base and move into new market segments.
In order to further align our capabilities with
customers’ requests, we continually work
to improve our quality and to enlarge our
competence in the production of specialised
steel alloys such as high N steels, Ta-alloyed
steels, etc.
Nico De Wispelaere & Tom Waterschoot
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Decarbonisation of steelmaking:
the challenge
Today, steel production accounts for about 7% of CO2 emissions. As the global demand for steel
continues to grow, solutions for greener steel are urgently needed to fight climate change. ArcelorMittal
intends to play a leading role in reshaping the steel-making industry, expressing strong commitments to
limit CO2 emissions in the years to come. For Europe, ArcelorMittal is committed to reducing emissions
by 35% by 2030 – on the journey to emission-free steelmaking in 2050.

One of the key factors in achieving this
decarbonisation objective is to increase
the use of recycled materials or scrap in
the steel-making process. Unfortunately,
increasing scrap levels will surely result
in an increased level of residual elements
in the final products. As conventional
steel production has historically aimed
at ‘purifying steel-making’ – and thus
decreasing the amounts of (undesired)
residuals – their effect at higher levels on
processing and product properties is still to
be explored.
To tackle this, a wide range of knowledgebuilding activities is ongoing: numerical
simulations and data-mining efforts,

lab pilot scale studies and industrial
trials focusing on determining whether
an increase in residual elements would
generate risks during processing or
affect the quality of the final products.
The knowledge built by these activities
is expected to generate a clear view on
the maximum levels of residuals that
can be tolerated for all product families,
including ideas for possible adjustments
in the manufacturing process to enlarge
product tolerance towards residuals.
The new knowledge should also provide
clear guidelines for internal adaptations
and customer specifications for steel
compositions in the future.

In a first wave, the work is focused on
using more scrap in existing steel-making
processes. Another working axis is focused
on the second wave of route modifications,
which includes the implementation of ‘new’
technologies in the steel-making process,
such as electric arc furnaces and direct
reduced iron production, which further
complicates the purity level of the steel
obtained. The direct reduction process will
start using natural gas – which will already
reduce emissions by an order of magnitude
of 3 compared to blast furnace routes. The
final goal is to use green hydrogen in the
direct reduced iron process, which makes
production almost C-emission free, but

again adds additional constraints on steel
product quality.
Several major investments for the ‘new
technology’ axis have been announced
recently, but implementation will be rolled out
in 2025 and beyond. Our current R&D role is
mainly to anticipate the effects of technological
choices on the manufacturability and
performance of the steels produced using these
new technologies. Without being restrictive at
this early stage, some anticipated effects on
steel quality currently being investigated are
the effect of residual elements on strength,
toughness and other in-use performances, their
effect on the galvanising and pickling process,
as well as surface quality issues such as hot
shortness.
Fascinating to realise that, just 5 years from
now, we aimed to produce 50% of the order
book via brand-new metallurgical routes
implementing the new ‘green’ processes.

It is exciting to see how
environmental commitments
can transform steel
production, and to be part
of this revolution!

The decarbonisation
objectives of the steel
industry are pushing
us to think steelmaking
from a completely new
perspective.

Ulrike Lorenz

Koenraad Theuwissen
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For the XCarb™ green steel offer, we are finetuning and validating the full metallurgical
route, ensuring product quality guarantees at
an affordable cost for our customers.
Arunim Ray

XCarb™ green steel offer
ArcelorMittal has announced clear and ambitious targets to reduce its carbon footprint.
The commitment is to reduce emissions in Europe by 35% by 2030.

As part of this journey, ArcelorMittal has
announced 3 initiatives in the framework of
the new XCarb™ brand: XCarb™ innovation
fund, XCarb™ green steel certificates, and
XCarb™ recycled and renewably produced
pioneering products.
The XCarb™ innovation fund will invest up
to $100 million per year in ground-breaking
technologies to accelerate the steel industry
transition to carbon-neutral steelmaking,
and XCarb™ green steel certificates aims to
sell certificates for green steel tons, enabled
by the smart carbon investments, to allow
customers to reduce their scope 3 carbon
emissions.
Last but not least, a brand-new family of
low footprint products, called XCarb™
RRP (recycled and renewably produced),
will be released into the market. Recycled
and renewably produced means that the

physical steel was made with recycled
material (scrap) using renewable electricity.
This gives the produced steel an extremely
low CO2 footprint, which can be as low as
approximately 300 kg of CO2 per tonne of
finished steel when the metallic input is
almost 100% scrap. The electricity used
in the steel-making process is verified
independently and receives a ‘Guarantee
of Origin’ to attest that it is from renewable
sources.
This product range will be a short-term first
wave of green ‘physical’ products. OCAS is
tackling multiple challenges to develop this
short-term product offer. ArcelorMittal’s core
asset in developing these products is the
electric arc furnace fed thin slab casting line
of ArcelorMittal Sestao.
On the one hand, ArcelorMittal Sestao
is being given support to fine-tune the

steelmaking, casting and hot-rolling
parameters to ensure product equivalency
of this new range of products compared
to the classical ArcelorMittal offer within
the philosophy of producing ‘as green as
possible’. On the other hand, a series of
new streamline combinations are on their
way to being implemented, combining
upstream material coming from Sestao
with production on specific downstream
facilities. This way of working enables the
XCarb™ RRP brand to be combined with
the typical ArcelorMittal high-added-value
product offer such as Magnelis® or Granite®
HDX.
The focus of OCAS’s work is to fine-tune
and validate the full metallurgical route,
ensuring product quality guarantees and the
most cost-effective method of production for
our customers.
Materials for the Future 121

DF-O

Mn

Al

Fe

Breakthrough metallurgies are
opening the path to next-generation
hot-rolled high-strength steels with
exceptional properties.
Aniruddha Dutta & Koenraad Theuwissen

Preparing hot-rolled steels for the future
As the current first generation of advanced high-strength steels – such as micro-alloyed or quench and tempered steels –
reaches the limits of what can be achieved with conventional metallurgical solutions, new horizons need to be explored.
In the quest for stronger materials with
good ductility and good in-use properties
aiming at weight and cost reduction, one of
the main working axes is the development
of manganese hot-rolled steels. In recent
years, manganese steels have become a
research focus globally. Investigations
from fundamental questions about the
deformation mechanisms, to questions
regarding manufacturability, along with
investigations into the application potential
are being looked into to develop a new
methodological approach to the design of
structural materials.

BREAKTHROUGH SOLUTIONS
Therefore, breakthrough solutions are
currently being developed by OCAS
researchers for next-generation hot-rolled
high-strength steels. The second generation
of advanced high-strength steels includes
high-manganese concepts. By activating
different deformation mechanisms, a
wide range of mechanical properties can
be obtained with such high-manganese

concepts, specifically providing excellent
ductility and good strength, as compared to
the first generation advanced high-strength
steels.
Low-density high-manganese highaluminium concepts are also being
investigated, from the fundamental
metallurgy point of view as well as from the
manufacturing perspective.

applications. The lower manganese contents
make these steels easier to manufacture
in the steel shop, as well as during downstream processing, while also reducing
the alloying costs and providing attractive
properties.

3RD GENERATION

Similar compositions can be processed
differently to obtain higher austenite
contents, which contribute to outstanding
(low temperature) toughness and elongation
in lower-strength materials, meeting the
property demands of other applications. The
metallurgical designs have good property
robustness with respect to processing
variations, which are inherent to the
production environment. This contributes
to the overall cost-effectiveness of these
products. After laboratory investigations,
our efforts are now being focused on the
industrialisation of such concepts in hotstrip mills.

Apart from these, the 3rd generation
of advanced high-strength steels with
complex martensitic-based microstructures
containing controlled amounts of austenite
are also being investigated by OCAS’s
metallurgy team. The microstructural
characteristics are key to determining
the material properties, which can be
tuned by composition and processing
adjustments. Medium-manganese concepts
have been used to reach extreme strength
levels in heavy-gauge hot-rolled strip
products while maintaining good ductility,
which is typically required for structural

DIFFERENT MARKET SEGMENTS
CALL FOR DIFFERENT
PROCESSING
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The results show that wear on the
discs made from the new steel is
13% lower than on those of the grade
currently in use. This increased
durability represents a significant
improvement of the discs’ lifetime.
Laura Moli Sanchez

Hot-rolled high-strength steels
brought to the next level
The Amstrong® Ultra grades are well suited for the yellow goods and heavy transport sector, where they are
used for trailers, truck chassis and crane booms (amongst other things). They combine ultra-high-strength with
excellent formability, good toughness, and fatigue resistance. On top of that, these hot strip products are a
cost-effective alternative to the quench and tempered plate products that are frequently used in this market.

The use of higher strength grades allows
for longer crane booms, for example; and,
thanks to reducing the machinery’s weight,
its loading capacity increases, which results
in energy-savings.
Driven by customer requirements and the
general trend towards reducing weight,
Amstrong® grades (minimum yield strength
of 240-620 MPa) are being replaced more
and more by higher-strength products of the
Amstrong® Ultra (minimum yield strength
of 650-1100 MPa) range. This ongoing shift
to higher-strength grades requires continual
product improvement and extension of the
dimensional feasibility.

EXPANDING THE AMSTRONG® AND
AMSTRONG® ULTRA PRODUCT
OFFER
To serve the European market, R&D is
being called in to facilitate the production
of Amstrong® Ultra 700MC(T) at several
ArcelorMittal sites, taking into account
the various layouts and possibilities of
all plants involved. In this exercise, the
OCAS metallurgy team evaluated currently
used concepts and initiated a transition
to the more cost-effective and more robust
concepts for each mill. This will enable
ArcelorMittal to serve markets from
southern to eastern Europe with a short
supply chain, reduce transportation costs
(and thus its CO2 footprint), shorten lead

times, improve service levels, and ramp up
volumes.
By expanding the Amstrong® Ultra product
range up to very heavy gauges as well as
down to thin gauges and extra-wide formats,
differentiation on the market was achieved.
With a shift to larger, state-of-the-art laser
cutting tables at customer sites, wider sheets
will help improve nesting and thereby
reduce scrapping as well. In addition to the
dimensional feasibility, the product offer
of these ultra-high-strength grades is being
further improved with regard to surface
quality and galvanisability. Excellent
flatness, as well as improved low cycle
fatigue, are also being taken into account in
our striving for continuous improvement.
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The ongoing shift to higher-strength grades
needs continual product improvement and
extension of the dimensional feasibility.
It is highly rewarding to be able to satisfy
our customers.
Rolf Berghammer

CO-DEVELOPMENT OF DURABOR®
SATISFIES CUSTOMERS
The ArcelorMittal Durabor® offer covers
part of the green goods market. In that
domain, the latest innovative products
have been realised in close collaboration
with customers. Actually, thanks to the
interactions between ArcelorMittal’s
Customer Technical Team, the mill, and
the OCAS lab, a suitable solution for La
Piña’s customer was developed quickly with
a significant improvement of the in-use

properties (strength and wear performance).
The OCAS team used its own competencies
on computational software to design a new
quenchable boron grade with the right
chemistry for ArcelorMittal’s Durabor®
range. ArcelorMittal Sestao produced coils
of the newly designed steel within weeks
and sent them to La Piña for evaluation and
qualification.
Prototyped plough discs were manufactured
at La Piña and sent to both the customer and
OCAS for testing. “Our customer was highly

satisfied with the results and began a twoyear field test,” says Alejandro Amà, export
director at La Piña. Meantime, OCAS has
tested on full scale bench two sets of discs
(reference Durabor and new development)
for an equivalent working distance of 240
kilometres in synthetic soil. Results show
that the new grade’s wear performance is
outstanding.

Cold-rolled high-strength steels
offer keeps growing
Following the successful introduction and positive customer feedback of ArcelorMittal HC500LA and
S550GD HyPer® cold-rolled high-strength steel grades, industry manufacturers are asking for ever
better performing steel products: lighter, thinner, more reliable and sustainable products to build strong
and long-lasting structures more economically. At the same time, market interest is shifting more
towards coated grades for applications that require additional corrosion resistance, such as housing
and solar frames, roofing and cladding.

MEETING MARKET NEEDS
There is huge potential in the construction
market for high-strength low-alloyed coldrolled steel grades – both bare and coated,
which could extend the cold-rolled product
offer above 500 MPa.
OCAS is developing an extended family of
ever-stronger yet ductile cold-rolled microalloyed high-strength steel grades by using
robust and flexible metallurgical concepts.
In collaboration with different ArcelorMittal
cold-rolling-annealing and galvanising lines

across Europe, the OCAS lab concepts have
been industrially realised and high-strength
steels with yield strength ranging up to
700 MPa (coated) and 850 MPa (bare) are
now industrially feasible.
These new cold-rolled grades have a
tightly controlled chemical composition
and microstructure that allow reliable
performance. The high level of yield
strength is a result of the addition of
micro-alloying elements, contributing to
fine carbide precipitations, substitutional

and interstitial strengthening, and grain
refinement.
These grades are perfectly suited for
cold-forming, such as bending, tubing, rollforming. They provide a very high strength
while maintaining excellent formability.
Such grades allow thickness and weight
reduction and provide a smart solution for
sustainable development: environmentallyfriendly, light, durable, and cost-effective.
These grades have already found their
way to the manufacturing of automotive
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components, such as seat frame
structures, pedal systems, and windscreen
wipers. Other typical applications are in
mechanical engineering, racks, poles,
tubes, transportation (trucks, wagons, and
chassis), and industrial or agricultural
equipment. In addition, the use of advanced
high-strength low-alloy steels has a positive
environmental impact by reducing the
carbon footprint for the life cycle of a
structure.

OUTLOOK
OCAS is currently optimising the
metallurgical route for the coated grades for
various galvanising lines. Each galvanising
line is different in terms of parameters that
influence the microstructure, and thus,
the in-use properties. This adds a new
layer of challenges to this development.
The aim is to offer sufficient flexibility to
the galvanising plants, combined with a
rational cold-rolled product offer worldwide.

Customers need steels that are everstronger, yet thinner and more corrosionresistant, and that allow weight
reduction – all without compromising
on formability. OCAS’s metallurgical
solutions are making this a reality.
Arunim Ray
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Our lab facilities, combined with tools that
offer good numerical predictions, allow our
industrial customers to save money and time
on trial and error experiments.
Ulrike Lorenz & Alexandre Van Sintejan

Assessment thermo-mechanically
control rolled-plate capability
In 2021, OCAS was requested to re-assess the thermo-mechanically rolled feasibility range under
current air-cooling conditions of a heavy-plate mill in terms of maximum dimensions and as a function of
strength and Charpy impact toughness requirement. The assessment considered mill-constraints such
as the increased slab dimensional feasibility, maximum plate width, and minimum transfer bar length to
avoid flatness defects.

BEYOND CURRENT PRACTICE
To estimate the toughness performance
of a product rolled to a thickness beyond
current practice, the assumption was made
that toughness depends only on the final
austenite microstructure, and the required
fine-grained microstructure is obtained by
the thermo-mechanical rolling process. The
strength evolution as a function of thickness
was estimated based on mill experience.
Rolling schedules and microstructure
evolution during thermo-mechanical
rolling were numerically simulated. Using
realised industrial process and product
data, a reference austenite microstructure
after thermo-mechanical rolling could be

defined, enabling the required toughness
in the final product. In close contact with
the steel plant, the boundary conditions for
the simulations were fixed and calculations
for rolling simulations were performed for
different thicknesses, leading to the target
austenite microstructure. A first estimate
of a thermo-mechanically plus air-cooling
feasibility range could be given.

EXTENDING THE ASSESSMENT
The effect of changes in process target
parameters on microstructure were
simulated as well. The output allowed
us to formulate recommendations to
further improve the feasibility range under

current mill constraints. Furthermore, the
simulations allowed the assessment to be
extended, assuming the mill was equipped
with advanced cooling capabilities.
In the recent past, OCAS had performed
on lab scale a number of lab rolling
simulations, comparing the influence of
air cooling and such advanced cooling
during plate processing. The results of
these simulations have led to a good
understanding of the influence of
microstructures on properties and an
estimate on the thermo-mechanically plus
advanced cooling feasibility range could be
given as well.
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Stabilising a bath is one
point, creating a nice
coating is another thing
Beril Corlu & Ansbert De Cleene

Preparing future metallic coatings
with IMpACT
The next generation of metallic coatings are being designed for improved durability in harsh
atmospheres, such as buried soil and offshore applications, as well as for dealing with cut-edge
corrosion and exposure to high temperatures. In addition, efforts are ongoing to improve the
mechanical properties of the metallic coatings and to increase process feasibility. To anticipate
metallic coating solutions for demanding industrial applications, a wide range of processes and alloy
compositions are currently being explored. This has inspired the creation of the innovative metallic
coating platform IMpACT.

The extensive laboratory screening
and testing, in close collaboration
with colleagues from other Global R&D
laboratories, have allowed us to come
up with solutions for potential upscaling
showing improved durability. Pilot scale
production gave us the opportunity to
test promising concepts in depth. Now,
following the results of this extensive

testing, the next important step is to perform
trials at industrial production facilities and
collect customer feedback.
The overall development process within
the IMpACT programme has evolved
rapidly, thanks to the adoption of a wider
evaluation of industry needs, making smart
choices by defining synergies between
different challenges, and combining targets.

We believe that, with the competencies,
flexibility and agility of the team, we can
continue to take the lead in the field of
metallic coatings.
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Never before has such an extensive
investigation been conducted on all aspects
of the Process-Structure-Property correlation
triangle in modern Co-free maraging steels.
Laura Moli Sanchez

It takes 400 unique lab samples and
systematic screening to identify the effect
of individual alloying elements and heat
treatment parameters on precipitation and
strength.
Nele Van Steenberge

Every R&D project, regardless its complexity
or size, starts in the workshop. Next
to machining all samples according to
specifications, traceability is key. Thanks
to our unique LIMS, where we keep track of
each individual sample location and origin,
this traceability is guaranteed!
Koen Van Brussel

Using combinatorial methodology
to get a better understanding of the
intermetallic precipitation strengthening
Combinatorial methodology has been used on the RFCS (Research Fund for Coal and Steel) funded project INiTiAl.
The goal: to accelerate material processing and screening and to build up knowledge.

QUICKLY GENERATING LARGE
SETS OF SAMPLES
The INiTiAl project targets the development
and implementation of corrosion-resistant
high-strength maraging steels for two
applications (aerospace and industry),
with two different strength levels, 1400 and
1900 MPa. Macroscopically, this project aims
to study the Process-Structure-Property
(PSP) correlations of these novel highstrength maraging steels with Ni-Ti-Al based
intermetallic nanoprecipitation. Within
the RFCS funded INiTiAl project, OCAS is
focusing its efforts on the development of
lean maraging steels for stress corrosion
cracking resistance. The additional
advantages of maraging over regular
high-strength carbon steels are enhanced

weldability and design freedom, as shaping
can be done before the strengthening ageing
treatment is applied. To achieve these
objectives, OCAS has used the combinatorial
approach in a lab wave generating up to 400
materials.

COMBINATORIAL COMPETENCES
FOR SMART CHARACTERISATION
Via the laboratory combinatorial processing
in combination with extensive dilatometry,
the project aims at understanding the
isolated effect of single intermetallic
phases (mainly Ni3Ti and NiAl) and other
elements (e.g., Mo and Cr) and process
parameters on strength and other properties
(e.g., toughness and/or corrosion). The
combinatorial approach is combined

with high-resolution techniques such as
high-resolution Transmission Electron
Microscope (TEM), Atom Probe Tomography
(APT) and high-resolution synchrotron X-ray
diffraction (SyXRD). Those techniques are
key to quantifying the effect of individual
intermetallics on the properties and to
calibrate precipitation kinetic models.
OCAS’s combinatorial approach includes
pilot scale facilities for casting, rolling and
heat treatments, as well as a broad range
of characterisation tools, for mechanical
properties as well as for standard
microstructural characterisation. Further
combinatorial competences are being
developed to speed up other properties and
characterisation screenings.
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Going beyond steel: Exploring the
processing of ever more complex and
higher melting temperature alloys
In our continuous efforts to extend OCAS’s alloy production capabilities within our Metal Processing Centre, we cast,
process and characterise small quantities of Nb alloys as well as various High Entropy Alloys. Thus, demonstrating
that OCAS is the place to be when looking for metals for R&D purposes.

The high-entropy alloy concept is based
on the idea that high mixing entropy can
promote the formation of stable singlephase microstructures. In more recent
years, the concept has been broadened
to ‘compositionally complex alloys’, with
combinations of a minimum of 3 elements in
ranges of 5% to 35%. These compositionally
complex alloys can offer an infinite pool
of new alloys with unexplored properties.
Our unique experimental high-throughput
flow methodology enables OCAS to rapidly
screen high numbers of formulations. This is
exactly what OCAS is putting into practice in
the Horizon Europe project FORGE.

SCREENING OF
COMPOSITIONALLY COMPLEX
ALLOYS: PAVING THE WAY FOR
MACHINE LEARNING
The FORGE consortium aims to develop
a set of cost-effective highly protective
coatings, based on novel compositionally
complex materials – both metal alloys and
ceramics – to provide the required hardness,
chemical stability and gas barrier properties
for challenging applications. OCAS’s role
in this project is to perform a first screening
of the compositionally complex alloys. By
pioneering unknown alloy processing at
lab-scale, OCAS is making it possible to

gather enough data to train and feed the
machine learning model.
Although OCAS has a long tradition in
induction melting and casting ferrous
and several non-ferrous alloys, melting
compositionally complex alloys adds
to the challenge. In fact, elements are
not only present in large quantities in
compositionally complex alloys but several
of them have high (e.g. Ti, Cr & V) to very
high (Nb, Mo, Ta & W) melting points.
In addition, these elements can be very
reactive to most crucibles. To avoid timeconsuming iterations in a high-throughput
flow, anticipating the selection of raw
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Expanding towards high melting metals and
compositionally complex alloys not only enlarges
our offer towards customers, it is also exciting to
enter such new fields of metallurgy.
Nele Van Steenberge & Michal Mroz

materials or pre-alloys and crucibles is
crucial.
OCAS has already synthetised over 30
compositionally complex alloys, allowing
the measured hardness to be compared to
the machine learning model predictions.
Despite the huge number of available
hardness values in literature for high
entropy alloys and compositionally complex
alloys, the need for a fast way to provide
experimental data remains to support

databases and machine learning models.
OCAS is perfectly positioned to cover this
need.

UPSCALING HIGH ENTROPY
ALLOY PRODUCTION – CANTOR’S
ALLOY CASTING
Thanks to their exceptional properties,
high entropy alloys and compositionally
complex materials attract attention from
both industry and research. Academic

research has largely remained limited to
small volume synthesis techniques. To
commercialise these alloys, upscaling
is necessary. OCAS has successfully
cast a 100 kg homogeneous Cantor’s
CoCrFeMnNi high entropy alloy via vacuum
induction melting. First processing and
characterisation have produced good
results, and a more detailed analysis is ongoing.
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EUROFusion FP9:
moving towards industrialisation
EUROFusion is a consortium comprising an R&D programme to design the future fusion
reactor DEMO. Since its start in 2014, this programme involves R&D studies of new structural
materials which need to withstand the fusion reactor’s severe operating conditions. Among
other things, the R&D programme deals with the development of advanced Reduced
Activation Ferritic-Martensitic (RAFM) steels. To meet the structural material demand for
DEMO, the properties and feasibility to upscale these advanced RAFM steels are important.
Not only should the RAFM material withstand high temperatures and neutron radiation. For
industrial production up to 100-1000 tonnes range, the feasibility, cost, and impact of mass
fabrication on the material properties should also be mapped.

Since 2014, OCAS has been involved in
the work package of advanced material
production and testing within EUROFusion’s
R&D program. Meanwhile, OCAS has
produced dozens of advanced RAFM
steels for testing and characterisation of
these structural materials. Over the years,
the focus has shifted from composition
optimisation to upscaling, according
to industrially relevant production and
processing routes.
Up to now, the largest batch of (semi)industrial RAFM steel that has been

produced is 27 tonnes, produced by a
European supplier in 2015. The 27 tonnes
were made via a batch process using
the vacuum route. This vacuum route is
required because of the strict specifications
on trace elements and impurities in RAFM
steels. In this route, ingots are produced
by means of a vacuum induction melter
(VIM) using pure raw materials. To increase
the cleanliness of the ingots, they are
remelted in a vacuum arc remelter (VAR).
The remelts are then further processed
via rolling or forging to produce products

As a sub-contractor of various national
nuclear energy R&D centres within
EUROFusion, OCAS is helping to guide
this advanced material from lab to
factory, and ultimately to the customer.
Athina Puype

shaped as plates or bars, following
further conventional steel treatments and
machining techniques.
This production route for RAFM steel
imposes several difficulties for upscaling.
As the vacuum route is always a batch
process, it has a restricted capacity. The
use of alternatives to vacuum melting and
remelting for RAFM production, such as
melting in an electric arc furnace (EAF) and
electroslag remelting (ESR), might impose
issues regarding material cleanliness and
final properties. Therefore, a balance must

be found between allowable impurities
content, properties, cost, and ease of
production. OCAS is assisting in facilitating
the scale-up.
As a sub-contractor of various national
nuclear energy R&D centres within
EUROFusion, OCAS is helping to guide this
advanced material from lab to factory, and
ultimately to the customer.
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Lab synthesis of customised materials:
continuous extension of our offer
OCAS has extensive experience in melting different base alloys, ranging from very pure
iron to stainless steel, non-ferro alloys and complex alloys. Evidently, we are specialised in
the production of high-quality carbon steel alloys, which we can produce in a wide range of
quantities and subsequently process into a variety of shapes with thermo-mechanically tuned
microstructures.

Building further on this base and our
fundamental understanding of the
processing of steel, we’ve followed
our customer needs in various niche
applications:
— High-nitrogen steel production
— Improved internal cleanliness & purity
— Increased amounts and reproducibility
— Hot deformation of intrinsically brittle
materials

HIGH-NITROGEN STEEL
PRODUCTION
High-nitrogen steels offer an attractive
combination of properties: high strength,
high ductility, improved corrosion
resistance, cost reduction, increased
austenite stability, etc. However, the
production of high-nitrogen steels poses 2
main problems:
(1) Introducing high N content into the melt
(2) Maintaining high N content during
solidification
Through optimised atmospheric control
during the melting and casting process,

correct raw material selection and the use
of a suitable crucible to ensure the best
solidification path, OCAS is able to produce
the requested nitrogen content in a wide
variety of carbon steels, stainless steels and
Ni-alloys.

IMPROVED INTERNAL
CLEANLINESS & PURITY
In the European nuclear R&D community,
OCAS is one of the preferred suppliers
of lab-produced 9% Cr steels. By means
of raw material selection and crucible
optimisation, we have been able to produce

Our customers come to
us with difficult steelmaking requests. Often,
it involves production
aspects which are new
to us, but supported
by our deep and broad
experience, we make it
happen.
Klaas Poppe,
Nico De Wispelaere

lab material with an internal cleanliness
that is comparable to the best-in-class
industrially produced speciality steel.

INCREASED AMOUNTS AND
REPRODUCIBILITY
Although we are primarily oriented towards
smaller batch sizes (our largest batch size
amounts to 100 kg), we were contracted for
the production of a >1 tonne production of
specialty stainless steel sheets over a period

of 2 years. By sourcing a sufficiently large
amount of raw materials, we were able to
guarantee a constant quality level over
multiple production runs.

even brittle materials can be hot rolled into
plates. OCAS has successfully performed
such feasibility studies on special Ni-alloys
and on A-B4C Metal Matric Composites.

HOT DEFORMATION OF
INTRINSICALLY BRITTLE
MATERIALS
After optimising the thermo-mechanical
deformation path (the right combination of
temperatures and degrees of deformation),
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4

DIGITALISATION AND
NANO CHARACTERISATION:
KEY ENABLERS
OCAS’ ambition is to carry out our research
effectively, according to the highest quality
standards and with maximum scientific
profoundness. That is why, several
years ago, “Digitalisation” and “nano
characterisation” were defined as key
enablers for the research centre. Both axes
achieved a next level of maturity and this
from multiple perspectives:
— First, the human competencies
— Second, the further update of our lab
Information management system (LIMS)
towards JobManager© 4.5
— Third, high-tech analytical equipment to
characterise material’s structure down to
the nanometer level

MEET DICE AND NICE
Concerning our skilled staff, two transversal
teams have been put in place to ensure high
efficiency and structural integration in our
research projects: the DIgital CEll (DICE)
and the Nano Investigation CEll (NICE).
The DICE team is active in all digital fields
of artificial intelligence, machine learning,
data mining, etc. Impressive progress has
been made on plant database analysis,
computer vision and digital image analysis
in the fields of martensitic steels, electrical
steels and high strength low alloy steels.
Some examples are presented in this
chapter. In particular, an important VLAIO
funded project was approved on the latter
steel family, targeting the synergy between
high-throughput combinatorial research
and modern digital techniques.

The NICE team is ever more intensely
involved in the research projects, resulting
in direct application of our high-tech
analytical equipment in these projects.
The laboratory’s LIMS system JobManager©
has been further adapted to version 4.5 in
order to further shape it towards a tool that
ensures maximum compatibility between
the experimental part of the lab and the
post-analysis of all research data by using
advanced artificial intelligence/machine
learning and datamining approaches.

BRAND NEW MICROSCOPY LAB
OPENS ITS DOORS
In 2021, OCAS opened its brand-new
microscopy lab covering a whole series
of microscopical and/or microstructural
characterisation techniques, varying from

FEG-SEM to FIB and FEG-TEM (both recently
commissioned), to EPMA-SXES, including
extensive sample preparation and imageprocessing tools. OCAS also has structurally
reserved access to the latest generation
Atom Probe Tomography (APT). More
specialised and differentiating equipment
is to come soon, such as nanomechanical
testing and in-situ SEM analysis. Several
cases of the direct application of this
equipment are described in this chapter.
By making use of OCAS’s new service in the
field of microscopy, the customer has access
to this world-class instrumentation without
worrying about justifying a huge investment
cost with respect to the amount of potential
use cases, expensive spare parts, continuous
maintenance, and training of personnel.
Instead, OCAS keeps its equipment up and

running, maintained up to the highest
standards, and has the most experienced
operators and experts available to support
the customers’ needs.
As a customer, you are more than welcome
to attend the investigation and interact with
our operators during the analysis.
Lode Duprez, Steven Keyzer & Jan Scheers
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Artificial neural networks are used to translate microstructural images into
compact numerical representations. These can then be used to recognise
similar images, corresponding to the same steel grade, or to predict
material properties such as hardness.

Machine learning takes microstructurebased material design to the next level
The essence of steel research consists in understanding the links between its processing and
properties. Good understanding allows us to design materials suitable for every application – and
microstructural images are essential in this process. They reflect how the specific processing
conditions influence the formation of different phases and thus generate the material’s properties.
Therefore, microstructure analysis is a fundamental tool for efficient material design, and the
intimate relationship between processing, (micro)structure and properties is referred to as the
PSP triangle.

Today, material scientists examine
microstructural images visually, trying to
extract the relevant features contained in
those images as much as possible. This
task becomes highly challenging in the
case of next-generation martensitic steels,
which contain very complex and/or fine
features. Key material properties, such
as strength, ductility or wear resistance,
can be directly affected by these features.
So, understanding and mastering the
PSP relationships is crucial in order to
manufacture materials with the desired
properties.

EXPLOITING ARTIFICIAL
INTELLIGENCE
To deal with complex microstructural
images, OCAS researchers have amongst
others turned to computer vision, where
the performance and wide applicability
of deep learning models are attracting
special interest. Thanks to several dedicated
projects, including a PhD collaboration,
they have succeeded in developing
methodologies for automatic image
interpretation. The artificial intelligence
of deep learning neural networks is being
exploited to translate each image into a

compact numerical representation. That
numerical representation is then used to
identify the considered material and to
predict its properties.
The developed methods were put to the
test. A panel comprising both laymen and
experts was assembled and asked to classify
steel microstructures during two quizzes.
Then, the same questions were presented
to a machine learning model. OCAS’s
experts proved their mettle, but the machine
beated most of them. The model clearly
outperformed the human eye in the second
quiz, which focused on complex martensitic
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Thanks to state-of-the-art techniques from computer
vision, it is now possible to extract more information from
microstructural images than ever before.
Koenraad Theuwissen & Kurt Lejaeghere

steels and proved to be very difficult for the
human panel. Despite training on a very
limited dataset (58 images), the model was
able to achieve a perfect mark.
After proving their suitability for material
recognition, the machine learning models
were adapted for property predictions. The
compact mathematical representation of
the first models was fed to a second set of
algorithms, which were trained to reproduce
the chemical content and hardness of
martensitic materials. These compound
models yielded an excellent prediction

quality. Just by looking at the image of
a microstructure, the machine learning
models got the carbon level right up to
0.03% and hardness could be predicted up
to 30 HV.

BRIGHT FUTURE FOR
MICROSCOPIC IMAGING
Several routes are now being explored
to take this project to the next level. We
aim to gain unprecedented insight from
a single microstructure. The outcome of
these efforts is of key importance to linking

microstructure, processing, and properties
in future material development. Moreover,
the methodology will be extended to other
types of steels, where other features and
properties may be relevant. Microscopic
imaging is bound to become an even more
important part of the materials’ toolbox
than ever before.

Give it a try yourself:
Can you predict the hardness of the
microstructure having no further
information but the image?

(actual hardness: 379 HV0.2; model-predicted hardness: 367 ± 21 HV0.2)
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Our expectations for this project are
really high. This project can be a huge
leap forward in the way metallurgical
research is conducted – and so, it
should allow us to unravel advanced
correlations in the P-S-P triangle
to a much higher degree than ever
before.
Arunim Ray & Jan Rens & John Vande Voorde

Strength Model

HSLAi: When HSLA meets AI
Within the context of the digitalisation of our metallurgical research, a project proposal
for important regional funding was submitted to VLAIO together with ArcelorMittal
Belgium. This project targets the investigation of novel Process-microStructure-Property
correlations for future high-strength low-alloy (HSLA) metallurgies by combining our
unique bulk combinatorial experimentation with the use of Artificial Intelligence (AI)
and Machine Learning (ML). After receiving highly positive comments from the expert
reviewers, the 3-year project has been approved by the VLAIO evaluation committee.

Models linking processing parameters
and material properties exist, and even in
a rather advanced state. However, taking
additional information from microstructure
images should allow us to uncover hitherto
unknown effects and correlations.
To this end, combinatorial experimentation
and high-throughput sample processing will
be married to the latest machine learning
and artificial intelligence algorithms. This
way, an extensive and novel metallurgical
dataset – several thousand HSLA materials
and tens of thousands of microstructural
images – will be generated to construct a

very-high-dimensional parameter space.
Modern image processing techniques,
utilising machine learning and deep
learning, are being developed to extract
as much information as possible from
the microstructure images and the time
series characterising the processing and
the material properties. This will reveal
additional data compared to what is realised
today via manual and semi-automatic
analysis and human interpretation.
This multitude of features will then be fed
into different machine-learning and deeplearning algorithms, such as artificial neural

networks, to hone more advanced models
linking processing, microstructure and
properties.
The developments in this project can be
used to develop the next generation of HSLA
steel grades, and they can also be used to
assist the plants in their quality control. This
project very much represents a leap into the
future, in terms of both knowledge-building
and streamlining experimentation.
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How image digitalisation and data
mining help to improve the surface
quality of hot rolled steel
Enhancing the surface quality of hot rolled steel is beneficial for our customers. Ideally, the oxide scale
formed during the final stage of the hot-rolling process and cooling phase is thin, compact and adherent.
With such a perfect scale, hot-rolled steel is easy to shape, suitable for direct painting or glueing, and
keeps steel shops cleaner.

Those interesting features require particular
processing at the hot-rolling mill under
specific conditions. At the same time, the
grade’s mechanical properties must remain
within specifications. When conditions
are fulfilled, the oxide scale is made of a
correct balance and morphology of multiple
metallic and oxide compounds.
This is what the theory in the field of
materials science tells us, and it’s confirmed
by dedicated experiments launched on lab
scale on small samples. The next challenge
is to get it on coils up to 25 tonnes in weight,
in a large variety of gauges and grades!

FROM TEXTBOOK SCIENCE TO
HOT-ROLLED COIL MONITORING
That’s why we used a stepwise approach.
At first, a snapshot was taken from several
sources to evaluate the current surface
properties per production line and steel
grade.
This information allowed the OCAS team
to capitalise on the behaviour of the oxide
scale on 2 different levels. On the scientific
level, analyses using modern tools such
as SEM, EPMA (morphology from top &
cross section, elementary composition,
XRD quantifying phases) were launched.
Image digitalisation was used on the

optical microscope to quantify the oxide
transformations.
On a more practical level, quick, easy and
reliable test methods were developed.
By using these tests, production mills
can monitor operations directly during
production. The main test consists of
performing a tape test on the surface and
subsequent evaluation to categorise the
obtained surface quality swiftly. Based
on positive laboratory investigations
done by OCAS on production samples,
the mills launched trials to adapt their
process conditions for improved scale layer
formation.

BRINGING IN DATA MINING
This phase was an opportunity to launch a
data mining exercise by merging scientific
and experimental results. A total of 400
samples, originating from 5 different
production mills, consisting of multiple
steel grades, were compiled.
The data cover productions launched over
the entire year of 2020. Then, the result
obtained after digitalisation was linked
to the main characteristics and process
parameters of each coil. Surface quality
i.e. is linked to steel grade, gauge and
metallurgical processing.

Dedicated lab scale experiments launched
on small samples confirmed the good data
analysis protocol. From there, the approach was
implemented on industrial scale on a whole
range of steel grades and gauges.
Marc Leveaux

Digitalisation and Nano Characterisation 155

Cross section showing the scale on hot rolled steel.

Automated qualification of the different oxide compounds.
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Virtual manufacturing
at the customers’ service

CO-ENGINEERING WITH
CUSTOMERS
In 2020-2021, the OCAS team conducted
co-engineering projects with customers in
a variety of market segments, including
transportation, heating ventilation and air
conditioning, household appliances and
agricultural machinery. The main drivers
are most often cost and weight reduction,
resulting in reduced CO2 emissions and
improved performance.
Identify customers’ needs
In a first stage, the team works together
with the customer to identify the
needs. Technical specifications and the
requirements of the application – as well as
constraints and challenges – are discussed.
Based on this input, a first analysis is
made and suggestions for improvement

are offered, which can include a switch
to other steel grades, adaptation of the
sheet thickness, or even design changes.
At this stage, very often Finite Element
Analysis is used to study the behaviour of
the application under pre-defined loading
conditions.
Experimental testing & redesign
The recommendations and cost impact are
discussed with the customer. Then, the team
supports the customer through experimental
testing and processing guidelines, as
required. In a final stage, OCAS can assist
testing the final design.
A recent project with an agricultural
machinery manufacturer focused on
weight reduction to achieve better machine
performance. Therefore, a redesign was
made combining different components and

avoiding welds. A higher-strength steel was
proposed to comply with the requirements
set. This solution was successfully tested by
the customer.

GENERIC STEEL SOLUTIONS
SPARK AND IGNITE
A Generic Steel Solution is a project meant
to demonstrate – making use of OCAS’s
know-how – the added value of the latest
steel grades for a specific market segment.
Typically an internal project, it can be
communicated widely to spark ideas within
the minds of our customers and to ignite
collaboration on specific projects. In the
past, such generic steel solutions have been
developed for trailers, tippers, agricultural
machinery, railroad rolling stock, and more.
In 2020-2021, a generic steel solution
was developed for waste containers. This
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involves applications for bulk transport,
where lifetime and low production cost are
important, and thus can be a stand-in for
a range of applications. This project also
demonstrates that modernity, low cost and
a small carbon footprint are not mutually
exclusive.

Reverse engineering
The project started with the reverse
engineering of a standard container. The
performance of this reference geometry was
evaluated using finite element modelling for
a range of load cases representing everyday
use. With this performance as a touchstone,
the design of the container was optimised,
including the geometry and the steel grades

that were used, and utilising the latest
genetic optimisation algorithms.
The results are illuminating. The CO2
footprint was reduced by over 35%, while
the total cost was reduced by up to 25%. At
the same time, the mass of the container
was cut by more than 40%, while the
lifetime of the container is projected to be
increased.

Our co-engineering assistance starts
during the design phase of the product’s
life, as we support our customers in
developing durable and affordable
products.

The container project is a good illustration
of the generic steel solution philosophy.
Projects such as this allow OCAS to
anticipate market needs and to position
ourselves as a useful industrial partner.
Moreover, these projects will spark
collaboration with customers in the future.

Katia Linck

John Vande Voorde
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“Alone, we can do so little; together,
we can do so much.” Helen Keller
– American Author, Activist, and
Lecturer
Ann De Vyt

Extend your lab with the OCAS
microscopy centre
OCAS offers its competencies, know-how, equipment and methodologies to facilitate and help its
customers succeed in achieving their R&D goals. In 2021, OCAS opened its brand-new microscopy lab
to give them direct access to the most advanced material characterisation techniques.

Our new microscopy lab in Zelzate is ready
to welcome our customers to a top-notch
high-tech environment, equipped for multidisciplinary microscopy investigation.
We provide timely, high-quality services
that support our customers with
instrumentation, expertise and training
on various analytical tools. You can rely
on our skilled staff to guide and select the
best solution for your needs, ranging from
experimental design, to troubleshooting and
analysis, to tailored training.

FLEXIBLE ACCESS TO THE
MOST ADVANCED MATERIAL
CHARACTERISATION TECHNIQUES
Our lab covers a series of techniques for
microscopical and/or microstructural
characterisation – starting from FEG-SEM,
to FIB-SEM and FEG-TEM (both recently
commissioned), to EPMA-SXES, including
extensive sample preparation and imageprocessing tools.
Moreover, we have structurally reserved
access to the Atom Probe Tomography
(APT). In addition to the different
microscopes, we also have complementary
analytical tools, such as accredited (spectro)

chemical analysis, surface analysis, etc.
Complement your assets, guarantee your
back-up, and enjoy our up and running
equipment.
Furthermore, in order to stay at the forefront
of nano characterisation, we’re considering
more specialised and differentiating
equipment to come in the near future – such
as nanomechanical testing and in-situ SEM
analysis.

NO NEED FOR INVESTMENT,
MAINTENANCE OR SPARE PARTS
By making use of OCAS’s new service in the
field of microscopy, the customer has access
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OCAS’s microscopy services are a
carefree extension of your own R&D lab
equipment.

Complement your assets, guarantee your
back-up, and enjoy our up and running
high-end equipment.

Steven Keyzer

Jan Scheers

to this world-class instrumentation without
worrying about justifying a huge investment
cost with respect to the amount of potential
use cases, expensive spare parts, continuous
maintenance, and training of personnel.
Instead, OCAS keeps its equipment up and
running, maintained up to the highest
standards, and has the most experienced
operators and experts available to support
the customers’ needs. As such, the customer
can fully focus on its R&D project and the

in-depth (microstructural) characterisation.
You are more than welcome to attend the
investigation and interact with our operators
during the analysis.
If your qualified staff is familiar with the
advanced equipment and would prefer
to conduct the microscopy analysis
themselves, OCAS will be happy to provide
user-instruction training to allow your
visiting operator to run our advanced
characterisation tools.

Although, the core of our experience is in
the characterisation of metallic materials –
predominantly steel alloys – our tools can
also be used on other metals, composites,
textiles, etc. (such as those in use in the
semi-conductor market segment).

GUARANTEE YOUR BACK-UP
OCAS’s microscopy tools have proven to
be very beneficial as a secured back-up
solution for the customer’s own R&D lab.
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Microscopy service centre:
our analytical tools
To help our customers with their research, OCAS’s microscopy service centre is equipped
with a number of state-of-the-art microscopes, from macro to atomic spatial resolution,
attached with chemical and crystallographic detectors.

FEG-SEM, INCLUDING EBSD
Scanning electron microscopy (SEM)
provides morphological and elemental
information. Our SEM (JEOL) is equipped
with a Field Emission Gun (FEG), which
greatly enhances available electron image
resolution (down to a few nm), necessary
to observe fine-grained microstructures,
surface defects, thin coatings, etc. The
attached Electron Backscattered Diffraction
(EBSD) detector is used for phase/structure
identification and lattice orientation
analysis of crystalline samples. Our EBSD
system is an Oxford Instruments fast
detector, used with Aztec software for fast
and automated indexation of EBSD patterns.
Energy Dispersive Spectrometer (EDS)

and Wavelength Dispersive Spectrometer
(WDS) detectors are also attached to enable
chemical distribution analysis.

FEG-EPMA WITH SXES DETECTOR
Our latest generation JEOL FEG-Electron
Probe Microanalyzer (EPMA) is widely
used in industry and academia to relate
microstructural features to their chemical
composition. The FEG delivers a bright
and stable electron beam over a wide
range of analytical conditions that are
especially suitable for performing imaging
and quantitative analysis at high (submicron) spatial resolution. Elements from
B to U can be detected even at very low
quantity (<0.1 wt%). A Soft X-ray Emission

Spectrometer improves the analytical
performance of our EPMA towards the
quantification of light elements (Li to F).
The detection limit of this spectrometer is
5 to 10 times better than the classical WDS.
The energy resolution of 0.3 eV enables us
to probe the chemical state of elements from
their spectrum peak shape.

FIB/SEM DUAL BEAM
The Thermo Scientific Focused Ion Beam
(FIB)/SEM dual-beam microscope is
used for both analytical applications and
specimen preparation for Transmission
Electron Microscopy (TEM) and Atom Probe
Tomography (APT). The state-of-the-art ion
and electron columns allow us to obtain
Digitalisation and Nano Characterisation 167

higher quality SEM and FIB images and
accelerate sample preparation by more
than 5 times compared to our previous
FIB/SEM system. The operational speed
can be further enhanced by the dedicated
automatisation software which allows the
use of pre-designed templates for the partial
preparation of multiple samples without
the presence of the operator. In addition
to the superior speed, the new FIB/SEM
system has enhanced analytical capabilities
achieved by retractable back-scattered
electron (BSE), scanning transmission
electron microscopy (STEM), and EDS
detectors. These detectors allow us to obtain
higher resolution images and perform more
sensitive compositional analysis.

(S)TEM
Thanks to its ease of use and high efficiency,
OCAS’s TEM is ideal for industrial analytical
characterisation. The FEG enables atomic
resolution (S)TEM imaging, and the Super-X
EDS system has 4 in-column EDS detectors
with unique cleanliness, which offers fast
and precise chemical analysis in nanoscale.
An array of high resolution images can be
automatically acquired and stiched to obtain
a larg final image. Large area correlative
imaging at high resolution by the fully
automated and unattended software pack
allows researchers to preserve the context
of their observations while also providing
statistically robust data. The innovative
Automated Particle Workflow (APW) pack

can get the nanoparticle parameters –
like size, area, perimeter, shape, etc. – in
an automated way. It can exponentially
increase precipitate analysis efficiency with
much better statistics.

APT
OCAS has access to a Cameca APT. This
instrument incorporates the advanced
reflectron design and enhanced detector
performance (detection efficiency ~ 50%)
and adds all the benefits of advanced laser
pulsing capable of repetition rates of up to
500 kHz. During the past several years, this
APT has supported OCAS with an advanced
characterisation of precipitates, coatings,
grain and phase boundaries.
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For more information,
browse our dedicated website:
microscopy.ocas.be

Solution-driven operators using
an industry-oriented approach
Having state-of-the-art equipment is one thing – but it must also be kept up and
running and used at its maximum potential. So, OCAS has an entire team working
together.

All instruments have a high-end
maintenance contract for quick and
professional support directly from the
manufacturer in close relationship with
our operators. Of course, our operators are
highly skilled in preparing and assessing the
samples as well as in using the equipment
to its fullest extent, including a combination
of different analytical tools.
On top of that, OCAS’s team of scientific
experts is committed to finding the best

solution to your requests. They stay
up-to-date, and broaden their skills and
knowledge, by assisting in regular training
programmes and participating in scientific
conferences worldwide. Being specialists
on the one hand, and working as a team on
advanced equipment on the other hand,
ensures the best possible combination for
tackling your demand. They will support
you in defining a smart approach to meet
your goal.
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The combination of APT and TEM provides
a unique glimpse into the atomic world,
helping to better understand and tailor
materials’ properties.
Davit Melkonyan

Correlative APT-TEM analysis
of precipitates
Materials characterisation with atomic-scale spatial resolution and chemical compositional measurements are driving the
engineering of new functional materials. Advanced materials research has now evolved towards astonishing insights into
the atomic composition of complex 3-dimensional (3D) nanostructures with unprecedented resolution. Although there
are many characterisation techniques providing spatial and compositional information, atom probe tomography (APT) is
the only one offering extensive capabilities for both 3D-imaging and chemical composition measurements at the atomic
scale. In addition, correlative microscopy – whereby the power and advantages of several techniques such as electron
backscatter diffraction (EBSD), transmission electron microscopy (TEM), and APT are combined – can provide extra
information extending the atomic-scale insight into the materials composition and crystallography.

At OCAS, we started using APT in metalrelated research in 2016. Over the past
several years, APT has supported us
with an advanced characterisation of
precipitates, coatings, grain and phase
boundaries. Below we present a case study
highlighting the TEM-APT correlative
analysis of precipitates in InterMetallic
Composite Alloys (IMCA). IMCAs are a
specific type of martensitic ultra-high
strength steels which get their strength
by the nanoprecipitation of (complex)
intermetallics. The typical alloying elements
are Ni, Co, Mo, Al and Ti. The formation of
a certain type of strengthener depends on
the chemical composition and processing

route of the IMCA alloys. In this process,
the characterisation of these precipitates
plays a crucial role in understanding and
controlling their formation and impact.
APT is a useful technique for addressing this
need. APT analysis requires a needle-shaped
specimen with an apex diameter smaller
than 100 nm. This specimen was prepared
using a focused ion beam/scanning electron
microscopy (FIB/SEM) dual beam system,
and a TEM image of this specimen was taken
afterwards.
Next, the sample was analysed using APT.
APT is a destructive technique, evaporating
the needle-shaped specimen atom by atom.

This is demonstrated by the comparison
of the TEM images before and after APT
analysis. Indeed, the overlay of these two
images reveals that the first 400 nm of the
specimen was analysed. This information
helps us achieve more accurate APT
reconstruction, improving the data accuracy.
The APT analysis allows us to obtain the
morphology size distribution composition
and volume fraction of these precipitates. In
this example, the TEM was used to improve
APT data accuracy, but it can also be used to
obtain crystallographic information, which,
combined with compositional information
of APT data, can help us better understand
kinetics and mechanisms of precipitation.
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Our fully equipped new TEM
allows us to detect 20 times more
precipitates in less than 20% of
the standard operator time.
Hui Shi Maggie

Accurate precipitate analysis
made easy
In high-strength low-alloy (HSLA) steel grades, the presence of precipitates, such as Ti-rich precipitates, is
key. Their size, distribution, and density are of utmost importance. In the past, OCAS manually determined
the size distribution and chemical composition of precipitates, a slow and cumbersome process. To improve
precipitate analyses, OCAS moved to Thermo Scientific’s Automated Particle Workflow (APW) in 2020, which
made it possible to quantify nano-sized precipitates more accurately in a shorter timeframe. This workflow
increased the efficiency and statistical relevance of these analyses, enabling the research centre to boost
productivity and the accuracy of results.

GETTING READY: FROM SAMPLE
PREPARATION TO STITCHING
OCAS currently uses 3 methods of sample
preparation to evaluate steel precipitates,
depending on the customer’s request:
carbon replica, focused ion beam (FIB)
lamella and electropolished thin foil.
Replica collecting only precipitates provides
the largest sample area, but the precipitates
no longer retain their original spatial
distribution. The electropolished thin foil
keeps the original spatial distribution of
the precipitates – but, due to its smaller
TEM investigation sample volume and
influence of the steel matrix, the analysis
(statistics) takes more time. The FIB lamella

method is ideal for location-specific sample
preparation.
A carbon replica sample is first used for
statistical size distribution characterisation.
After the homogeneity is evaluated for
several of the hexagonal grid holes on a
carbon replica by transmission electron
microscopy (TEM) imaging, one grid
hole is randomly selected to represent
the distribution across the sample for
precipitate analysis, and 64 dark field
Scanning Transmission Electron Microscopy
(STEM) images are automatically launched
at the centre of the selected grid hole. These
images are then stitched together to form
the overview map of the selected hexagonal

hole. The total area for the stitching is 117 x
117 µm, and the process takes approximately
2 min for manual set-up and 10 min for
automatic imaging and stitching.

MANUAL SET-UP, AUTOMATED
WORK COMPLETION
With an overview map, all precipitates
across a defined area, including their
morphology, size, and distribution are
shown with a resolution of 8 nm per pixel.
Since for this example only Ti-rich
precipitates were of interest, energy
dispersive (X-ray) spectroscopy (EDS)
mapping was launched to image only Ti-rich
precipitates. A 10 x 10 grid was established,
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and 100 EDS maps were automatically
collected over an area of 58.1 x 58.1 µm. The
process takes 5 min of manual set-up and
about 17 h of automated work that can be
completed overnight. These 100 Ti maps
were automatically recorded as part of the
workflow and transformed into particle
data, where the precipitates are segmented
and labelled by image processing software,
and the precipitates data (such as equidiameter, aspect ratio, etc.) were recorded as

a list. A size distribution histogram of Ti-rich
precipitates can easily differentiate the
precipitates status of two samples.

EFFICIENCY BOOSTER
The Ti maps on FIB lamella show the
original distribution of Ti-rich precipitates
in the steel matrix with a spatial resolution
of 0.15 nm. Using APW, which combines (S)
TEM images with EDS mapping, OCAS can
now quickly obtain the morphology, size

distribution, and chemical composition
of precipitates. We can also accurately
analyse the distribution of both small and
large precipitates over a defined area to
obtain the comprehensive data needed for
product development R&D. This results in
20 times more statistically relevant data for
precipitates – and in only 1/3 of the manual
working time that was required by OCAS’s
previous workflow.

Comparison of size distribution of Ti-rich precipitates
on 3376 µm² replica between sample A and B
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Combining structural with chemical microanalyses reveals a more comprehensive picture of
the complex microstructures and takes product
development to a higher level.
Mélanie Gauvin

The strength of combining instruments
More than ever, the demand is growing for affordable, high-performance materials operating reliably under
extreme conditions. To meet these expectations, future generations of steels and metallic coatings are being
carefully designed with increasingly complex chemistries and microstructures for optimised properties. Under
harsh environments, bare steel components corrode, leading to weakening of their mechanical properties or
even failure. The use of metallic coatings is one way to avoid corrosion. Zinc based coatings are considered to
be an excellent protection solution, and they are used extensively.

Metallic coatings with an increasing number
of alloying components have proven to
increase corrosion protection abilities. These
coatings are applied by hot-dip galvanising
the steel substrate. With different
compositions they contain multiple phase
components, and their grain size spans from
micro- to nanometre size. High sensitivity
and high spatial resolution techniques are
needed to tackle the characterisation of
these complex materials.
For this purpose, we combined our highend Field Emission Gun – Electron Probe
Micro Analyser (FEG-EPMA), equipped with
4 Wavelength Dispersive Spectrometers
(WDS) with our Field Emission Gun –
Scanning Electron Microscope (FEG-SEM)

and Electron Back-Scattering Diffraction
(EBSD) detector. While, EPMA-WDS provides
detailed elemental mappings, EBSD
identifies all crystalline phases and their
orientation. The combination of EPMA and
EBSD mappings provides a comprehensive
picture of the microstructure, taking product
development to a higher level.

Digitalisation and Nano Characterisation 179

We can determine the
quantitative distribution
of light elements, such as
boron, carbon, or nitrogen,
in trace amounts. Together
with the identification
of the chemical state of
these elements, our FEGEPMA with SXES detector
delivers great results for our
customers’ research.
Mélanie Gauvin

Pushing the detection limit
of light elements
Spatially resolved detection and quantification of light alloying elements – such as carbon,
boron, nitrogen and oxygen – in complex steels remain a challenge. By measuring the local
chemical composition – and especially the content of light alloying elements – the Electron
Probe Micro Analyser (EPMA) offers a discriminating way of identifying different phase
components that have close crystal structures, like, for example, martensite and ferrite.

OCAS has a high-end Field Emission Gun
(FEG)-EPMA, equipped with 4 Wavelength
Dispersive Spectrometers (WDS) and a
Soft X-ray Emission Spectrometer (SXES)
detector. EPMA-WDS is a micro-analysis tool
providing the elemental distribution and
quantification of a broad range of elements
(from B to U), while SXES is dedicated to
trace analysis of light elements. Our SXES
detector allows for the detection of X-rays
with energies between 50 to 200 eV, which is
optimal for light elements.

The SXES is an ultra-high-resolution
spectrometer consisting of a diffraction
grating and a high-sensitivity X-ray CCD
camera. It has a 10-fold better energy
resolution than WDX and a 5 - 10 times
better detection limit. This feature is
especially of interest for trace amounts of
light elements (<0.1 wt%). The enhanced
energy resolution also enables the analysis
of the chemical state.
For instance, the SXES spectrum of nitrogen
is completely different whether it is present

in the form of nitrides or nitrates and can be
differentiated. SXES is fully complementary
to EPMA-WDS for light elements analysis.
Moreover, an Ar sputter gun is present
in the introduction chamber of the FEGEPMA, enabling the removal of surface
contamination prior to analysis. This allows
‘real’ values of carbon concentration to be
assessed.
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THE FINISHING TOUCH
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FACT SHEET

Consolidated turnover 2021 FINOCAS: 23.1 MEUR
The FINOCAS Group staff members comprise the staff of FINOCAS N.V.
and of its daughter companies OCAS N.V. and Endures B.V.*
Head count

FTE

FINOCAS

20

18.5

ENDURES

13

10.9

OCAS

129

122.2

TOTAL

162

151.6

Status 31/12/2021
* No separate payroll FININDUS
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Knowledge
building
Knowledge acquisition is the
driving force behind research:
larger projects, often supported
by PhD theses, are carried out in
the framework of the knowledge
building programme. Furthermore,
collaboration can add valuable
expertise. The results obtained
provide useful insights for smart
product development and finally
ideas arise for portfolio renewal.
Knowledge building is the key
activity fuelling R&D.

In 2020-2021, significant progress has
been achieved in the surface, metallurgy
and application related research of the
knowledge building programmes.
Some examples of the numerous
realisations:
— Mechanical properties of zinc coatings
are well-known and have been studied
in detail over the past decades.
Enhancement of the corrosion resistance
can be achieved by adding Mg and Al to
the Zn coating.
The markedly superior corrosion, friction
behaviour and wear resistance of ZnAl-Mg coatings has been reported to
be related to the element’s distribution
and strong refinement of the complex
microstructure. However, in-depth
knowledge of the local mechanical
properties of individual microstructural
constituents with respect to the
crystallographic orientation of the
phases is lacking. Knowledge building
studies during the past 2 years aimed to
contribute to a better understanding of
the microstructure, hardness and elastic
modulus of the main eutectic microphases in the complex solidification
structure of two Zn-Al-Mg systems i.e.
Zn-5Al and Zn-3.7Al-3Mg coatings. Then,

the anisotropic mechanical properties of
pure phases matching the composition
of the different phases in these coatings
were examined using nano-indentation
coupled with EBSD analyses. Finally,
Voigt, Reuss and Voigt-Reuss-Hill models
were used to predict the hardness and
elastic modulus of the eutectic phases
in the two coatings using the individual
properties of the pure phases. In a next
step, SEM in-situ deformation techniques
were used to study the mechanical
properties of these new coatings and
correlate the results with the findings
on the mechanical properties of the
individual phases. Finally, these data
were used to validate a FEM model
predicting the cracking behaviour of
the coating depending on the phase
composition and distribution.
— High Strength Steels offer a unique
opportunity to reduce weight in heavy
duty machinery such as trucks, trailers
and agricultural machinery. However,
their fatigue behaviour can be lower than
expected in certain applications.
By developing a numerical FE simulation
framework, the microstructural features
such as phase fraction, grain size
distribution, texture, inclusions, etc. on
the ‘High Cycle Fatigue’ and ‘Low Cycle

Microstructure measurement
• LOM
• SEM

Fatigue’ properties of High Strength Steel
can be investigated. The numerical tool
should be capable of predicting crack
initiation and the first phase of crack
propagation (propagation through two
or three grains). In order to study the
underlying mechanisms in the early
phase of fatigue damage, the simulation
framework was established on both the
macroscopic and the microscopic scale.
An algorithm was developed for the
generation of statistically equivalent
representative volume elements. In
the treatment of the statistical data,
rather than working with histograms
that are prone to binning and cut-off
effects, a sophisticated machine learning
algorithm is used, which considers
grain area, aspect ratio, slope and mean
misorientation angle. This development

Statistical analysis
• Grain size
• Aspect ratio
• Slope
• ...

Grain packing & Volume filling
• Packing-algorithm e.g. RSA
• Tessellation e.g. Voronoi
• ...

will be a valuable tool for future product
development.
— In terms of metallurgical knowledge
building on substrate level, 2021 has
been a transition year in which several
projects were finalised and new projects
were being launched. On the ongoing
projects, major progress was made on the
various steel families considered:
• For austenite reverted transformation
(ART), the impact of upstream
processing was mapped in detail
• For hot rolled Quench & Partitioning
(Q&P) grades, further understanding
was obtained on the damage evolution
in the quaternary Fe-C-Mn-Si materials
• For lean maraging steels (IMCA), huge
progress was made in the nanoscale
intermetallic precipitation evolution
via extensive atom probe tomography

Building the FE model
• Generating geometries
• Meshing geometries

(APT) experiments and the advanced
in-use properties of these grades
• For the medium Cr steels, the
monitoring of the wear-corrosion
balance came to a final stage
Concerning the new activities, these were
aligned with the current mega-trends,
i.e. nano-scale behaviour of residual
elements originating from enhanced
scrap usage, texture evolution in modern
electrical steels for mobility and damage
mechanisms in steels exposed to high
pressure gaseous H2.
Joost De Strycker, Wahib Saikaly
& Sofie Vanrostenberghe
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Seminars
go digital!
In the course of 2020, OCAS transformed its
scientific seminars into webinars to respond to
the COVID-19 pandemic. International experts
gave online lectures, followed by live session
workshops and Q&A sessions. The audience
appreciated the new format.

Corrosion and material integrity in
offshore and maritime environment
March 10th, 2020
In industrial constructions, offshore structural integrity and corrosion go
hand in hand. The need for adapted materials that can withstand harsh
conditions and that are compatible with cost and lifetime requirements
are more relevant than ever. Pushing the limits of conservatism whilst
limiting risks is a crucial aspect to prepare tomorrow’s market opportunities.
To allow a better understanding of the benefits of new and implemented
solutions, ENDURES and OCAS jointly organised this one-day seminar at the
ENDURES premises in Den Helder. The oral presentations were followed by a
Q&A session and lab tour.

Programme

OCAS supports
STEM activities
Due to COVID-19 measures, almost
all workshops had to be postponed.
This spring, activities have been reactivated and upcoming workshops were
scheduled.

— Bridging corrosion science and engineering in maritime environments,
Prof. Dr. Arjan Mol, TU Delft
— Novel developments of steel grades for offshore use,
Dr. Philippe Legros, OCAS
— MIC in offshore and maritime environment: a reason for concern?,
Dr. Nanni Noël-Hermes, Endures
— Failures in seawater cooling systems, Dr. Raphael Fredon, Endures
— Rapid performance testing of hull coatings for ships,
Dr. Job Klijnstra, Endures
— Innovation in Offshore Wind Foundations – insights from the Carbon Trust,
Dr. James Sinfield , Carbon Trust OWA
— Thermally Sprayed Aluminium (TSA) in offshore environment,
Dr. Xiaolong Zhang, Endures
— Simulating real life conditions for corrosion assessment,
Dr. Philippe Verpoort & BSc. Sibo Buter, OCAS/Endures

Metal plasticity webinar 2020: Large strain flow
curve identification & workshop mechanical joining
October 7th, 2020
The theme of Metal Plasticity Seminar 2019, was
the use of simulation tools in metal forming
industry and the adopted constitutive models.
Accurate knowledge on the mechanical material
behaviour is key for the reliability of such
simulations and acquiring this knowledge may
require dedicated test set-ups and analysis
techniques. The 2020 seminar was devoted to
the identification of the large strain flow curve of
metals.
To keep pace with ever more stringent joining
requirements, in recent years simulation industry

The only drawback
was that we had to
close registrations
early, as otherwise
we would exceed the
maximum allowed
simultaneous
attendees set by
Teams.
Steven Cooreman

successfully dealt with the compelling need for
innovation in mechanical joining by developing
dedicated, yet user-friendly FE modules. Today,
it is possible to simulate the complete process
chain and evaluate the mechanical performance
of a mechanical joint without being an expert in
finite element simulation. The workshop aimed
at encouraging and helping industry to adopt
this technology, and, consequently, fostering
innovation in mechanical joining. The workshop
discussed all essential ingredients for proper use
of the FE modules in mechanical joining.

Programme
— Large strain flow curve identification strategies, Dr. S. Cooreman, OCAS
— The in-plane torsion test, Prof. A. E. Tekkaya, TU Dortmund
— The stack compression test,
Prof. T. Kuwabara, Tokyo University of Agriculture and Technology
— The plane strain compression test, Dr. T. Balan, Arts et Métiers – ParisTech
— The post-necking tensile test, Dr. S. Coppieters, KU Leuven

Workshop
—
—
—
—

Joining by forming technology, Dr. M. Jäckel, Fraunhofer IWU
Material testing, Dr. S. Coppieters, KU Leuven
FE modeling, Dr. R. Bernhardt and Markus Raabe , SIMUFACT Engineering
Experimental validation, Dr. M. Jäckel, Fraunhofer IWU
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Metal plasticity webinar 2021:
Artificial Intelligence, Machine Learning
and Big Data in Metal Plasticity
October 1st, 2021
The Metal Plasticity Seminar is an annual event to promote a
platform for people working in the field of metal plasticity, to
discuss the state-of-the-art, the current research challenges
and future developments. The intent is to strengthen the crossfertilisation between theoretical material modelling, computational
and experimental plasticity and the development of industrial
applications. It is jointly organised by OCAS and KU Leuven.
Following two successful seminars in 2019 and 2020, the 2021

seminar was devoted to the use of the Artificial Intelligence,
Machine Learning and Big Data in Metal Plasticity.
The workshop aimed at encouraging and helping industry to adopt
machine learning and, consequently, fostering innovation in metal
plasticity. After a comprehensive introduction to machine learning,
several practical applications of this technique were presented and
discussed.

Programme

Industrial workshop machine learning in metal plasticity:

— Deep neural network-based numerical material tests of
aluminium alloys sheets,
Prof. A. Yamanaka, Tokyo University of Agriculture and
Technology
— Deep learning of the mechanical properties of steels based
on microstructure images, Dr. K. Lejaeghere, OCAS NV
— Using machine learning and crystal plasticity simulation to
design damage resistant dual phase steels, Prof. M. Diehl,
KU Leuven
— Coupled DIC- Data-driven approach for stress estimation
on metallic structures in the presence of shear bands or
singularities,
Prof. M. Coret, EC Nantes
— From steel composition to essential plastic properties with
zero physics, Dr. J. Gawad, NMLK

— AI for materials industry, Dr. M. Sluydts, ePotentia
— Numerical and experimental data acquisition for the development
of machine learning models for strength prognosis of mechanical
joints, Dr. M. Jäckel, Fraunhofer IWU
— Implicit material modelling using artificial intelligence techniques,
Prof. A. Andrade-Campos
— Advanced Forming Simulation based on Sensitivity Analysis with
LS-DYNA, Dr. S. Kriechenbauer, Fraunhofer IWU

Advanced characterisation
of steels at the nano and
microscale – Webinar

There’s a crack
in everything, that’s how
the light gets in

November 16th, 2021
Steel is vital for the durable infrastructure development needed
for growing populations, provides affordable housing and
mobility solutions, and is indispensable for energy generation
and distribution. Due to its central role in making modern society
sustainable, manufacturers are preparing the next generation
of stronger, lighter and more sustainable steel. This product
development requires testing at micro and nanoscale. This
webinar highlighted examples of advanced microscopy techniques
applied on steel research in OCAS and was jointly organised with
ThermoFisher Scientific.

Programme
— How APW (automated particle workflow) facilitates the statistical
precipitates analysis in steel research, Hui (Maggie) Shi, OCAS
— In-depth characterisation of micro/nanometre-sized austenite
domains by combing EPMA and EBSD techniques,
Mélanie Gauvin, OCAS
— Grain boundary and precipitate analysis in various steels using
atom probe tomography, Davit Melkonyan, OCAS

December 14th, 2021
During this webinar the latest updates regarding the detection
and monitoring of cracks on welds of offshore structures were
shared. This research is part of the BOPTIC project aiming at
setting a major step forward in the development of a structural
health monitoring system for the Balance of Plant components
of an offshore windfarm using optical sensor technologies.
OCAS – together with partners Marlinks, Com&Sens, IMDC,
Parkwind, 24SEA, Laborelec, UGent and VUB and funded by
VLAIO and the Blue Cluster – joined this project with the specific
aim to investigate improved condition and structural health
monitoring of offshore wind foundations.

Programme
— Introduction to the Boptic project, Roel Vanthillo (Marlinks)
— Weld Crack Detection and Monitoring, Industrial Practice in the
Energy sector – Alfredo Lamberti (Engie Laborelec)
— Bridging the gap between lab and field, Jeroen Van
Wittenberghe (OCAS)
— BOPTIC optical fiber techniques, Geert Luyckx (Com&Sens)
— Weld crack monitoring, Sergei Mikhailov (VUB)
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Flanders Metals Valley,
climate-neutral and
circular metallurgical
cluster in Flanders

With the Paris agreement, industry has to become climateneutral by 2050, and show large reductions by 2030. Many
processes in steel and non-ferrous production are using fossil
products, be it for thermal or chemical application. Technologies
will have to be adapted or innovated. Europe has launched
the Green Deal, a program that will make European society
(including industry) climate-neutral. Green technologies are
part of the solution to get there. Metals play an important role in
solar and wind energy, as well as in battery technology. Europe
including Flanders has limited resources for these metals,
compared to other world regions. The circular economy will
maximise re-utilisation and decrease dependency on metals
import. This demands a circular metals industry.

Today, metallurgical companies in Flanders/
Belgium already excel in recycling metals
from secondary sources, with high recovery
rates and low energy usage. Metallurgical
plants not only recycle consumer goods, but
also intermediate products from other plants.
By refining each other’s intermediates, these
companies achieve higher recovery rates than
they would on their own. This (economydriven) ecosystem of companies acting together
leads to world-class overall recovery rates. The
whole value chain around metal recycling and
production is present in Belgium/Flanders:
from scrap collection to product manufacturing
and by-product valorisation. The existing
network of companies is well-positioned to
transition into a fully circular industry.
This industrial competence has always been
supported by a strong educational and research
effort from universities and research centres.
Therefore, a group of companies, universities
and research institutions set up Flanders
Metals Valley as an organisation to unite the
stakeholders of the closed loop of metals. It was
launched March 31st 2021, and organised its first
workshop on June 23rd 2021. (FIN)OCAS strongly
supports the Flanders Metals Valley initiative,
is represented in its steering committee and
workgroups and participates in events.
With the courtesy of Flanders Metals Valley
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LIST OF PUBLICATIONS 2020-2021

PAPERS PUBLISHED IN SCIENTIFIC JOURNALS
Publication Title

Author(s)

Journal/Reference

Critical Evaluation of Spherical Indentation
Stress-Strain Protocols for the Estimation of the
Yield Strengths of Steels

S. Mohan, N. Millan-Espitia, M. Yao, N. Van
Steenberge, S. R. Kalidindi

Experimental Mechanics
Vol 61 (2021) pp 641–652 Online

Race against the Machine: can deep learning
recognize microstructures as well as the trained
human eye?

Michiel Larmuseau, Michael Sluydts, Koenraad
Theuwissen, Lode Duprez, Tom Dhaene,
Stefaan Cottenier

Scripta Materialia
Vol. 193 (2021) pp. 33-37

A NEA review on innovative structural materials
solutions, including advanced manufacturing
processes for nuclear applications based on
technology readiness assessment

F. Balbaud, C. Cabet, S. Cornet, Y. Dai, J. Gan,
M. Hernández Mayora, R. Hernández, A. Jianu,
L. Malerba, S. A. Maloy, J. Marrow, S. Ohtsuka,
N. Okubo, M. A. Pouchon, A. Puype, E. Stergar,
M. Serrano, D. Terentyev, A. Weisenburger

Nuclear Materials and Energy
Vol. 27 (2021) pp. 13

Tribological investigation of abrasion resistant
steels with martensitic and retained austenitic
microstructure in single- and – Multi –asperity
contact

Á. Kalácska, P. De Baets, H. Ben Hamouda,
K. Theuwissen, J. Sukumaran

Wear
Vol. 482–483 (2021) October online

Development of a CAM based Additive Laser
Cladding Process for Adaptive Manufacturing
of Multi material Systems for High performance
Components

Sebastian Kammann, Denys Plakhotnik,
Michael Königs, Elke Leunis, Xavier Hallet

Collaborative project M-ERA.NETMatLaMeD Report
(2021) pp. 69 pp

Development of RAFM steel for nuclear
applications with reduced manganese, silicon
and carbon conten

D. Terentyev, A. Puype, O. Kachko, W. Van
Renterghem, J. Henry

Nuclear Materials and Energy
Vol. 29 (2021) pp. 13 pp

JMAK model applied on the κ-carbide
precipitation in FeMnAlC steels

Carlo Mapellia, Giacomo Villaa Silvia Barellaa,
Andrea Gruttadauriaa, Davide Mombellia,
Xavier Veys, Lode Duprez

Journal of Materials Research and
Technology
Vol. 15 (2021) pp. Pages 3386-3398
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On the influence of zinc coating and outdoor
exposure on the strength of adhesive, clinched,
and hybrid joints of batch hot-dip galvanized
steel

T. Pinger, N. Van den Bossche

International Journal of Advanced
Manufacturing Technology
October (2021)

Irradiation hardening and ductility loss
of Eurofer97 steel variants after neutron
irradiation to ITER-TBM relevant conditions

Arunodaya Bhattacharya, Xiang Chen, Tim
Graening, Josina W. Geringer, Jordan Reed,
Jean Henry, Luciano Pilloni, Dmitry Terentyev,
Athina Puype, Thak Sang Byun, Yutai Katoh,
Michael Rieth, Steven J. Zinkle

Fusion Engineering and Design
Dec (2021) pp. 22 pp

Microbiologically influenced corrosion in fire
protection systems

N. Noël-Hermes and J. W. Klijnstra

chapter 19 in: Failure Analysis of
Microbiologically Influenced Corrosion
edited by R. B. Eckert and T. Lund
Skovhus, CRC Press 2021, ISBN
9780429355479

The role of hydrogen bond donor and water
content on the electrochemical reduction of
Ni2+ from solvents – an experimental and
modelling study†

Monika Lukaczynska-Anderson, Mesfin Haile
Mamme, Andrea Ceglia, Krista Van den Bergh,
Joost De Strycker, Frank De Proft, Herman
Terryn and Jon Ustarroz

Chemical Physics
Vol. 22 (2020) pp. 16125-16135

Segregation of Sn on migrating interfaces of
ferrite recrystallisation: quantification through
APT measurements and comparison with the
solute drag theory

N. Mavrikakis, W. Saikaly, D. Mangelinck,
M. Dumont

Acta Materialia
vol. 9 March 2020

γ Decomposition in Fe–Mn–Al–C lightweight
steels

C. Mapellia S. Barella, A. Gruttadauria,
D. Mombelli, M. Bizzozero, X. Veys

Journal of Materials Research and
Technology
Vol. 9 (2020) pp. 4604-4616

Thermal analysis of CuMg alloys deformed by
equal channel angular pressing

P. Rodríguez-Calvillo, N. Ferrer, J. -M. Cabrera

Journal of Thermal Analysis And
Calorimetry
Vol 146 (2021) pp.1393–1403 Online

EBSD Study of Delta-Processed Ni-Based
Superalloy

Pedro Jacinto Páramo Kañetas, Jessica Calvo,
Pablo Rodriguez-Calvillo, José María Cabrera
Marrero, Marco Antonio Zamora Antuñano,
Martha Patricia Guerrero-Mata

Metals
Vol. 10 (2020) pp. 1466

High-stress impact–abrasion test by discrete
element modeling

Edouard Izard, Haithem Ben Hamouda, John
Vande Voorde

Computational Particle Mechanics
Vol 8 (2021) pp.1061–1073 Online

The influence of concretion on the long-term
corrosion rate of steel shipwrecks in the Belgian
North Sea

Kris De Baere, Sven Van Haelst, Igor Chaves,
Deirdre Luyckx, Krista Van Den Bergh, Kim
Verbeken, Ewoud De Meyer, Katrijn Verhasselt,
Raf Meskens, Geert Potters & Rob Melchers

Corrosion Engineering, Science and
Technology
May 2020 pp 71-80

Development of chromium and chromiumtungsten alloy for theplasma facing components
Application of vacuum arc meltingtechniques

Dmitry Terentyev, Tymofii Khvan, Jeong-Ha
You, Nele Van Steenberge

Journal Of Nuclear Materials
Vol. 536, 1 August 2020

Processing a Fe67Mo4.5Cr2.3Al2Si3C7P8.7B5.5
metallic glass: Experimental and computed TTT
and CCT curves

Alberto Castellero, Gianluca Fiore, Nele Van
Steenberge, Livio Battezzati

Journal of Alloys And Compounds
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