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40 years at the service of Stainless Steel
Dear friends,

| am truly delighted to address you once again with this new issue of our
magazine Acero Inoxidable. On this occasion, please allow me to dedicate it to
an event that has occurred almost without noticing. In the midst of all the daily
activities we have been carrying out at the Association, we have turned 40!

Indeed, four decades since a group of stainless steel enthusiasts founded the
Association for the Research and Development of Stainless Steel, CEDINOX. Forty
years in which we have been promoting and defending the virtues of stainless
steel across most sectors and fields of interest; achieving milestones that today
may be considered “obvious” but which in those years required months of
work, testing and documentation to validate what we stood up for with such
enthusiasm.

Throughout this time, as | look back in order to prepare this letter, we can proudly
say that we have been present in some of the most important projects of the
last decades, not only regarding engineering but also in architecture and many
other sectors.

Starting from the idea that “one cannot value what one does not know”, we have
tried to bring our material closer to professionals (both future or active), growing
from 98 attendees at our first training course in 1986 to this year’s more than
2500 students in our 50 workshops. This is something to be very proud of.

Our magazine has also undergone a notable transformation. We now feature new
sections, and the digital edition is fully translated into English. This is because our
activities transcend borders, gradually and quietly establishing us as the leading
association in many countries, whether Spanish-speaking or otherwise.

Our collaboration with leading technological centers in Spain and Europe as well
as the different projects we develop with universities have led us to discover new
properties of stainless steel, ensuring its presence in sectors where it was not
considered before.

We continue to work with the same enthusiasm with which the Association was
founded, always with the aim of informing on the latest trends in stainless steel,
supporting new projects as they arise, promoting its excellent properties and
teaching everyone who comes to discover this fantastic material.

However the Association is not only the people who work here every day, but also
you. All of you have made possible that stainless steel has evolved into today's
reference material for many sectors. Congratulations to you too.

There are still many new challenges to face and new solutions to provide. Take
for granted that Cedinox, together with you, will work on them. We work with a
material that still has a lot to offer.

| would like to conclude by wishing you all a very Merry Christmas and a 2026
in which your greatest wishes come true. To another 40 years of stainless steel!

Warm regards,

Luis Peird
Director
CEDINOX

Created and designed by Cedinox, Spanish Stainless Steel Development Association,
Santiago de Compostela, 100, 28035 Madrid, Spain.

Contact: T 34 91 3985231/2 | cedinox@acerinox.com | www.cedinox.es
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Talking about Fabrez

means referring to a company

whose history is closely
linked to the development of
solutions aimed at improving
the habitability of our cities

andtheiroveralladvancement.

Located in Daganzo de Arriba
(Madrid), the
employs 70 people, and its

company

facilities are equipped to
operate in diverse sectors such
as metal fabrication, urban
enhancement, agriculture, and
electric vehicles, specifically,
the CarClean line, which is the

focus of this article.

Fabrez has always stood out
for its innovation and its firm
commitment to  ensuring
that its products are highly
adaptable to market needs.
Once a need is identified,

its departments collaborate

/| Reinventing
, Urban Uleaning

intensively to deliver an ad hoc

solution for each situation.

This is how the different
models of sweeper carts
within  the

have emerged. The carts are

CarClean line

manufactured using AISI 304
stainless steel (1.4307) with
1.5mm thick sheet material
and satin-finish tubing, which,
depending on the model,
ranges from 40x1.5mm in
diameter to 22x1.5mm. In
exceptional cases, depending
on the application and
customer requirements, the
company may also work with
AISI 316L (1.4404). All welds
are performed using TIG
technology.

The carts weigh approximately
55 kg, feature three program-
mable speed settings, and
are equipped with an elec-
tric motor that greatly eases
the operator’s workload and
enhances ergonomics. Some
models may incorporate up to
two electric motors as well as

a photovoltaic charging panel.

One of the latest innovations

implemented in these

vehicles is the “dead man’s
which

automatically stops the cart

switch”  technology,
if the operator releases it
or  becomes indisposed,
preventing accidental
collisions. This is achieved
through a push-button that
the operator presses while
if the

released for any reason, the

driving; button is
vehicle detects it and stops
automatically. (see video)

All vehicle manufacturing is
carried out in-house at the
company'’s facilities in Daganzo
de Arriba.

Starting from the basic model,
different designs are available
to meet customer needs. The
standard cart can be fitted
with two round waste bins or
two recycling bins, along with
a vacuum system or even a

salt spreader for winter use.

For winter applications, users
can choose between the salt
spreader and a collector unit
(see video), as required by the
task.

The use of stainless steel
in this type of application

is justified for  several

reasons. Beyond aesthetics,

its  functional advantages
include low weight due to the
material thicknesses used, as
well as corrosion resistance.
The material’s high ductility
combined  with  adequate
strength makes it easy to
work with, offering numerous

possibilities.

The excellent corrosion
resistance of stainless steel
not only applies to salt
exposure but also provides an
advantage in terms of cleaning
and disinfecting the vehicles,
as stainless steel tolerates

cleaning and disinfection

products that other materials

would not withstand.

Undoubtedly, this serves as
a prime example of the great
versatility of a material like
stainless steel; which, in the
hands

professionals with an

of highly qualified

innovative mindset, can lead
to solutions as adaptable and

necessary as CarClean

MATERIAL: N
AIS| 304L stainless steel
Manufactured: Acerinox Europa
Supplied: Acerinox Pinto

SOURCE:
www.fabrezgroup.com
Photography: cedinox©
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shot Blasting: Efficiency
and Perfect Finish

IH the  stainless  steel
industry, surface cleaning and
preparation is not merely an
aesthetic requirement, but
a key step in ensuring the
durability, functionality, and
quality of the final product. In

this context, there are silent
agents that assist in meeting
these standards. Shot (abrasive
media) is one of them, making
the shot blasting process
essential. Ervin, with nearly a

century of experience, leads

this technology globally.

Shot blasting consists  of
projecting small metal
particles, known as shot, at
high speed onto the material's
surface using turbines (wheel
blasting) or compressed air.
These particles can be made of
various materials, with carbon
steel and stainless steel being
notable for their versatility.
Their action removes oxides,
mill  scale (resulting from
different heat treatments),
and residues from previous
treatments, leaving the
surface clean and ready for

subsequent production stages.

During stainless steel
manufacturing, carbon steel
shot is used after annealing
and before chemical pickling,
removing the oxide layer or
mill scale generated during
heat treatment. This initial
step cleans the surface
and prepares it for pickling
processes using nitric and
hydrofluoric acid, ensuring
the stainless steel is not
contaminated and that cold
rolling and subsequent
finishes are performed on a

homogeneous surface.

Once the stainless steel has

been annealed and pickled,

stainless steel shotis employed
for surface finishes. This
abrasive allows for cleaning,
polishing, and homogenizing
the surface without the risk
of contamination, improving
the aesthetics and the
final  finish.  Furthermore,
it provides the appropriate
roughness for subsequent
coatings, if applied. The use
of shot blasting in the final
finish is especially relevant
in sectors where hygiene
and appearance are crucial,
such as architecture, the
food industry, and urban

equipment.

There are different types of
shot depending on shape,
hardness, and size, regulated
by international standards
such as ISO 11124-3 and SAE
J444. Spherical shot generates
smoother surfaces and is ideal
for general cleaning or surface
reinforcement processes that
improve the material's fatigue
resistance  (shot peening),
whileangulargrit offers greater
penetration and the ability to

remove stubborn impurities.
Hardness—classified from
softest to hardest as S, M, L,
and H, as well as particle size,
directly influence efficiency
and the final roughness of the
finish.

The shot blasting process
offers  multiple  benefits:
deep and uniform cleaning,
improved coating adhesion,
reduced rework, extended
equipment service life,
and optimized abrasive
consumption. Controlling the
flow of shot, maintaining a
balanced operating mix, and
replenishing small quantities
of new material are essential
practices for obtaining
consistent  and efficient

results.

Ervin’s excellence lies not
only in its products but in its
history and leadership, having

pioneered the patent for the

process of manufacturing
cast steel spherical shot. The
foundation of this technology
is still widely used worldwide,
and since then, the company
has established international
quality standards that remain
a benchmark in the abrasives
industry.  Sustainability s
another pillar for Ervin: 98%
of its raw materials come
from recycled sources, and
its environmental plan targets
net-zero carbon emissions by
2030.

Thanks to the durability
and consistent quality of
its abrasives, Ervin enables
more productive processes
with  lower energy and
material consumption and
minimal waste generation.
Shot, far from being a simple
consumable, thus becomes a

strategic element.

Ultimately, although its
function may go unnoticed,
shot is a key piece in the
stainless steel value chain
and the industry in general.
From the initial cleaning of
the coils to the final finishes,
its intervention ensures high-
quality surfaces, improves
process efficiency, and
contributes to the common
goal of a more competitive

and sustainable industry.

SOURCE:
www.ervin.eu
Photography: Ervin
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Restoration of the Cathedral
of kI Burgo de Osma

The Asuncién  Cathedral

constitutes an architectural
complex of great historical and
artistic value, consisting of a
church, a cloister on its north
side,andsome complementary
dependencies. It is located
at one end of the historical
center of El Burgo de Osma.

Its construction began in the

13" century, following the
demolition of the pre-existing
Romanesque church, in whose
location a Gothic style one was
erected.

The current intervention has
focused on the magnificent
eighteenth-century tower,
dating back to 1767,
the moment when the

construction of the new

of conservation. The materials
used for waterproofing
and the mortars used in
the reintegrations were
incompatible with the historic
stone materials, resulting in
detachment due to lack of
reinforcement of the original
stones, loss of adherence
of the waterproofing layers,

filtrations, surface dirt, and

reinforcement element s

noteworthy.

Stone  Replacement and
Anchoring: the removed
cornices, imposts, and ashlar
blocks were replaced with
natural stone similar to the
original. These new pieces
were anchored using stainless
steel rebar or plates, secured
with resin to the masonry in
good condition. This method
ensures the fixing of each
piece, preventing the risk of

detachment.

Reconstruction with
Reinforced Mortar: in areas
where the placement of
new stone was not possible,
volumetric reconstruction was
carried out with restoration
mortar. Here, 6 mm stainless
steel rebars were used as
reinforcement, anchored to
the sound stone using resins
for their fixing. Additionally, a
stainless steel wire mesh was
laid to reinforce the volume
of mortar, ensuring resistance

and facilitating application.

Stitching and Sealing: stainless
steel was also used for the
stitching and anchoring of
loose pieces or cracks, using

crossed rebars to ensure

resistance

mechanical

This intervention at the
Cathedral of El Burgo de
Osma sets a clear precedent
regarding  the necessity
of selecting materials and
techniques that are not only
effective but also compatible
with the historic work. It
highlights the crucial role
of stainless steel anchors in

structural consolidation.

/MATERIAL: \

1.4362 Duplex Stainless Steel
Manufactured: Roldan, S.A.
Supplied: [noxcenter Pinto

FUENTE :
www.franciscoruizcano.com
Photography: Cedinox©
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Stainless steel
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Anchored to the stone masonry with stainless steel rebar (12 mm) and epoxy resin

anchoring and
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Thls strategic move allows

them to meet the growing
demand for materials in high-
temperature and corrosion-
resistant applications where
cost is a fundamental

parameter, such as in the

energy and automotive
sectors.
Columbus Stainless has

successfully produced two
stabilized
specifically types 1.4521 and
1.4513, down to thicknesses
of 0.2 mm. This milestone

ferritic  grades,

demonstrates  their deep
understanding of the unique
metallurgy of these steels,
which overcomes the
workability  limitations  of

standard ferritic grades.
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Rolling ferritic stainless steels
to very thin gauges is quite a
challenge due to their body-
centered  cubic  structure
and sensitivity to interstitial

elements.

Part of the success is due to
the choice of stabilized grades
with elements like titanium or
niobium (which significantly
alter the workability of these
ferritic steels by neutralizing
the detrimental effects of
elements such as carbon or
nitrogen), as well as their deep
experience in producing thin-

gauge austenitics.

One of the sectors where this
type of material is required
is the gas turbine industry;
specifically, grade 1.4513 s
being used in the manufacture
of precision parts intended to
seal spaces in the turbine's

internal structure.

Thinner-gauge
hilized ferritics

Columbus Stainless has reached a new

traditional

0.2 mm.

milestone by expanding its production

ranges for thin gauges to include both

austenitics and stabilized

ferritics down to a minimum thickness of

The fundamental reason lies in
the critical advantages it offers

over other materials, such as:
1. Low Thermal Expansion:

Gas turbines operate at

extreme temperatures,
subjecting the material
to significant  expansions
and contractions. Its low
coefficient of thermal
expansion minimizes stress
on thin-gauge sealing
components, maintaining the
necessary clearance, which
is fundamental for turbine

efficiency and durability.
2. Oxidation Resistance:

The high chromium content
of this steel provides excellent
resistance to oxidation and
scaling generated by the high
operating temperatures within
the turbine.

3. Formability:
Despite the thin gauge,
the stabilized composition

ensures that the material has
the necessary formability for

complex seal designs.

On the other hand, grade
1.4521 is an excellent choice
for pressings used in coolers,
heat exchangers, and hot
water applications due to
its combination of superior

corrosion  resistance, high
thermal efficiency, and
excellent  formability. The

suitability of  this grade
stems from its specialized
composition as a  high-
chromium  ferritic  stainless
steel with dual stabilization
and molybdenum addition.
This steel has the following

performance features:

Chloride Resistance:

The high chromium content
combined with molybdenum
gives it excellent resistance
to localized corrosion,
particularly against pitting and
crevice corrosion in chloride
environments. This resistance
is comparable to, and in some
applications  superior  to,

common austenitic grades.

Immunity to Stress Corrosion
Cracking:

As a ferritic steel, due to its
specific  structure,  unlike
austenitic steels, it is immune
to chloride-induced stress
corrosion cracking. This is
crucial for coolers and heat
exchangers handling hot water

or steam.

High Thermal Conductivity:

Ferritic stainless steels have
significantly higher thermal
conductivity compared to
austenitic grades. This is a
major benefit for coolers
and heat exchangers, as it
allows for more efficient heat

transfer.
Low Thermal Expansion:

Its coefficient of thermal
expansion is lower than that
of austenitic grades, which
reduces thermal stress and
warping/distortion during

operation.
Excellent Formability:

The addition of stabilizing
elements like titanium and

niobium ties up interstitial

elements (carbon and
nitrogen).  This  prevents
embrittlement and
significantly improves

the inherent ductility and
formability of the ferritic
structure, making it suitable
for the deep-drawing and
forming operations needed
to produce complex cold

pressings.
Low Work Hardening:

Ferritic steel has a low strain-
hardening rate, which is ideal
for multi-stage pressing and
forming operations, allowing
for  greater  deformation
before the material requires

intermediate annealing.

1.4521 and
1.4513 are ferritic grades,

Since grades

they contain little to no
nickel.  This
1.4521 a more cost-effective

makes grade

alternative to molybdenum-
bearing austenitic steels (like
316) and offers greater price
stability, as it is not subject
to the high volatility of the
nickel market. The shift to
advanced thin-gauge ferritic
production,
grades like 1.4521 and 1.4513,
allows for providing cost-

particularly

effective,  high-performance

solutions  enabling  future
engineering in sectors ranging
from automotive to power

generation.
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Deep Drawing In the Study of

he Origin of the Universe

SIX hundred meters beneath
the Hida Mountains in Japan,
one of the most ambitious
scientific facilities of the
21st century is taking shape:
Hyper-Kamiokande (HK), a
gigantic neutrino observatory
designed to explore some
of the deepest questions in
modern physics.
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Neutrinos are elementary
subatomic particles that travel
through our planet almost
without leaving a trace. This
faint trace can provide clues
about why matter exists,
how galaxies evolved, and
whether protons, one of the
fundamental components
of matter, might eventually

decay.

Hyper-Kamiokande is the
successor to the Kamiokande
and Super-Kamiokande
experiments, responsible for
discoveries that earned two
Nobel Prizes in Physics: the
detection of cosmic neutrinos
and neutrino oscillation and
mass. The new detector
will be five times larger

than its predecessor, with a

\ - ’
o

PMT + COVER DD

capacity of 260,000 tons of
ultrapure water. It will consist
of a cylindrical structure
measuring 72 meters high
and 68 meters wide, housed
in an underground cavern 69
meters in diameter and 73
meters tall, equipped with tens
of thousands of photosensors
capable of measuring the faint
Cherenkov light produced by

charged particles travelling at
high speed.

The detector operates based
on Cherenkov light, an
extremely faint flash generated

when a charged particle

travels through water at a
speed faster than light in that
medium. Hyper-Kamiokande
does not detect neutrinos
directly but instead captures
the light produced by the
secondary particles generated
when neutrinos interact with
water. To ensure these flashes
reach the tank walls, where the
photomultiplier tubes (PMTs)

are located, the water must be
extraordinarily transparent.

Data-taking is  scheduled
to begin in 2027, with
international participation
from more than 20 countries,

including Spain.

PMT captures the energy of stellar radiation

Inside HK’s
underground
tank, more than 20,000
photomultiplier tubes (PMTs)

enormous

cylindrical

of 20 inches in diameter will
be installed. These sensors
operate under high vacuum
conditions, submerged in
ultrapure water, and are
extremely sensitive: a single

implosion could trigger a chain

reaction that compromises
the detector’s stability.

To prevent such a risk,
each PMT requires an anti-
implosion protective housing.
This is where a key stainless
steel component developed
by Matricats comes into play.

Between 2022 and 2024,
Matricats participated in an
R&D project with the Canfranc
Underground Laboratory (LSC)
and the AMADE Institute
of the University of Girona
to develop the rear section
of this protective housing,
manufactured in  stainless

steel using deep drawing.

HYPER-KAMIOKANDE

13



This component, known as the
DD cover (for Deep Drawing),
had to meet highly demanding
requirements: high
mechanical strength, precise
and repeatable geometry,
compatibility with ultrapure
water, and industrial feasibility
for thousands of units.

After multiple tests and
prototypes, the part
successfully passed the most
critical  trial:  withstanding
the controlled implosion of a
PMT at a depth of 80 meters,
recreating the real operating
conditions of the detector.

The chosen material was
3 mm AISI 304 stainless steel
sheet from Acerinox, in 2B
finish. Stainless steel plays a
fundamental role in science
and technology, and in this

case, it fulfills three essential

functions:

1. Corrosion resistance:
ultrapure water is
extremely  demanding;

any impurity can affect
neutrino detection.
AISI 304 remains stable

even in such critical

environments,  without
releasing particles
or altering water
composition.

2. Mechanical strength:

the detector operates
under enormous
hydrostatic pressures. The
protective housing must
withstand these loads

for more than a decade
of continuous operation,
and stainless steel
provides the required

robustness.

3. Material purity: the 2B
finish ensures a clean and
stable surface, ideal for
preventing contamination
in  HK’s ultra-sensitive

environment.

Furthermore, the wuse of
stainless  steel in large
scientific  experiments is
well  established:  Super-
Kamiokande has operated
since the 1990s inside a
tank built with stainless
steel and continues to be a
global benchmark in neutrino

physics.

The component developed
for Hyper-Kamiokande is the
result of a highly specialized
industrial technique: deep
drawing, a process that
transforms a flat metal sheet
into a hollow, high-strength
part without compromising its
thickness. This technique uses
a punch, a die, and a hydraulic
press. The stainless steel
sheet is gradually deformed
under high pressure, allowing
the creation of complex
geometries of great depth with
high repeatability. This reduces
the number of manufacturing
steps and eliminates the
need for welding, making the

process more sustainable.

This method is ideal for
the project, enabling the
production of thousands of
identical parts, minimizing
variations  between  units,
reducing manufacturing
costs, and ensuring optimal
mechanical performance
in highly demanding

environments.

During the project, eight
prototype iterations were
produced, incorporating
improvements based on real
tests and technical discussions
Matricats, LSC,

and UdG. Engineers from all

between

institutions conducted cross-
site visits to validate results,
review processes, and monitor
prototype production. This
collaborative  work refined
geometries, thicknesses, radii,
and tolerances until achieving
the strength required to
withstand a real implosion.

With over 50 years of
experience, Matricats has
evolved  from  producing
conventional stamped articles
to becoming an industry
leader in stainless steel deep
drawing. Its facilities in Celra
(Girona) house hydraulic and
mechanical presses of up to
2,000 tons, the capacity for
deep drawings up to 600 mm,
and automated stations for
welding, cutting, polishing,
and finishing.

Participating in a project
like Hyper-Kamiokande
demonstrates its  ability
to operate at the level
of precision required by
international scientific
research, contributing
engineering, technology, and
industrial know-how to one
of the world’s most important

experiments.

The story of Matricats within
Hyper-Kamiokande illustrates
how industry and science
can advance together. A
component manufactured in
Girona will become part of a
detector that will study the
origin of the universe, showing
that innovation does not
always begin in laboratories:
it often starts with a stainless
steel sheet and a company
capable of transforming it into
cutting-edge technology.

(M ATERIAL:
AISI 304 Stainless Steel
Supplied: Acerinox Gava

SOURCE:

www.matricats.com

Photography: matricats©
\ cedinox©
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Technical

EN 14301 Stainless Steel Subjected to High Temperatures

Thermal and Mechanical Performance Compared to B500SD Carbon Steel

Alberto Leal Matilla'; M2 Isabel Prieto Barrio®; Daniel Ferrandez Vega?; Alfonso Cobo Escamilla®

!Departamento de Tecnologia de la Edificacion, Universidad Politécnica de Madrid, 28040 Madrid, Spain

1. Introduction

Reinforced concrete structures

play a
in building safety. When a

fundamental role

structure is exposed to fire, it
can be severely compromised
by thermal effects that alter
both the geometry and the
mechanical properties of its

reinforcements.

In this context, the objective
of the present study is to
compare the thermal and
mechanical behavior of two
types of steel commonly used
as reinforcement: B500SD
carbon steel and EN 1.4301
austenitic stainless steel. The
reinforcing bars have been
exposed to temperatures up
to 115°C and subjected to two
types of cooling: slow at room
temperature, and rapid by
immersion in water.

2. Methodology

The materials employed in
the present investigation are
reinforcing bars of 12mm
diameter made of B500SD
carbon steel and EN 1.4301
stainless steel. They were
subjected to temperatures
of 20°C, 450°C, 800°C and
1150°C,

cooling were

and two types of
carried out:
slow (air) and rapid (water).
Table 1 shows the chemical
of the

composition steels

used.

The experimental procedure
was carried out as indicated
below (Fig. 1):

1. 3D Scanning: the rebars
were scanned before and after
heating using a CREAFORM 3D

scanner.

Table 1. Composition of the steels used in this investigation
B500SD Carbon Steel

Elements C P S N Cu C Equivalent
(%) <0.22 <005 <0.05 <0.012 <038 <0.5
EN 1.4301 Stainless Steel
Elements C P S Mn Cr Ni Mo
(%) 0.04 0.032 0.002 0.351 145 18.145 8.045 0.344

*Standards: EN 10080 (B500SD) & ASTM A955 / A9S55M AISI 304 (EN 1.4301)

[6

2. Heating: the reinforcing
bars were heated in a muffle %0
furnace (J.P. Selecta) at 450°C, é
800°C and 1150°C for 1 hour. Q%
3. Cooling: two procedures é
were applied: rapid (immersion Y yeeeceagn
in water at 9°C) and slow (air
cooling in laboratory).
4. Tensile strength: IBERTEST
MIB-60/AM universal testing g
machine was used, following ;Ei
the standard UNE-EN SO g
15630-1:20193. §
3. Results and discussion %
The tests performed on the
B500SD steel and EN 1.4301
stainless steel reinforcing bars
reveal significant differences in
their behavior when exposed £
to fire and the subsequent é
cooling process. é
k3
&

3.1 Dimensional and visual analysis

After thermal exposure, an evident change is observed in the
surface appearance (surface finish) of both types of reinforcing
bars. On the B500SD steel, a loss of brightness occurs, with
the appearance of an opaque grayish layer attributable to the
formation of surface ferric oxides. EN 1.4301 stainless steel, on the
other hand, develops a golden colour, which is especially visible
after slow cooling, and is associated with iron and chromium

oxides. (Fig. 2)

L

Regarding dimensional stability, the stainless steel shows less
loss of linearity (straightness), even after exposure to 1150°C,
reflecting greater geometric stability.

— - =au

Figure 2. Surface appearance of B500SD and EN 1.4301 reinforcing bars
3.2 Loss of mass and surface deterioration

The relative mass loss increases with temperature in both steels,
but the B500SD steel undergoes more pronounced degradation,

which can compromise the steel-concrete bond. (Fig. 3)
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Figure 3. Mass and Diameter Loss of B500SD and EN 1.4301 Reinforcing Bars

3.3 Mechanical properties: strength and deformation

The stress-strain curves (Fig. 4) show thatat 450°C, both the carbon
steel and the stainless steel exhibit an increase in tensile strength
(fs) and yield strength (fy) compared to room temperature values,
and independently of the type of cooling. At 1150°C, the loss of
load-bearing capacity is significant in both types of steel, although
stainless steel retains relatively high ultimate strength values.
Regarding deformation, it can be observed that at 450°C there are
no substantial differences between both types of steel. At 1150°C,
slow cooling generated a maximum longitudinal ultimate strain in
the stainless steel that was almost double that of the carbon steel,
demonstrating a greater deformation capacity of the stainless
steel when subjected to extreme thermal conditions. At 1150°C
and with rapid quenching in water, carbon steel drastically loses its
ductility, while stainless steel increases its maximum longitudinal

ultimate strain compared to room temperature values.

a8 A

800 T

700 | > 1 -
600 4 o k=
500 | LY S
s 1 & o
S 400 | 2
= 200 \ = C-(room T) TC/:
C-Rapid-(450°C) -
200 —— C-Rapid-(800°C) <
— C-Rapid-(1150°C) =
100 RS
0 : . I =
0.000 0.025 0050 0075 0.100 0.125 0.150 0.175 -
c
&%) o
a) Water cooling @0
800 S
| Q
700 § ©
H =
Q
_ 600 E F.J.r""'_'_._'_._\1 8
£ 500 =

a -
2 o0 | ™ g
=] . ;
300 [ == C-(RoOMT) g
200 f J C-Slow-(450°C) S
J C-Slow-(800°C) o
100 & — C-Slow-(1150°C) By
o
0 s
0.000 0.050 0.100 0.150 0.200 0.250 0.300 o
(%) =
b) Slow cooling %
900 ~
—
800 =
700 1 °
K c
600 1 ©
£ s00 i =

1

< 400 1 f
300 = [-(ROOMT) ~
I-Rapid-(450°C) 8
200 — ]-Rapid-(800°C) 8
100 — I-Rapid-(1150°C) 0
0 o
0.000 0.040 0.080 0.120 0.160 0.200 0.240 0.280 0320 0360 0.400 <2
(%) w
c) Water cooling o
3
900 S
800 =1
o
700 c
- ‘©
600 ! S
| -~ L] @D
— 500 1 0
& l o
S 400 =
5 300 I-(RoomT)o m
I-Low-(450°C) <
200 [-Low-(800°C) 9]
100 1 — I-Low-(1150°C) >
0 [

0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400 0.450
(%)

d) Slow cooling

4. Conclusions

The following are the conclusions obtained in the present research

work:

e EN1.4301 stainless steel exhibits better post-fire performance
than B500SD carbon steel.

e The residual strength and ductility after heating to 1150°C
are superiorin EN 1.4301 stainless steel compared to B500SD
carbon steel.

e EN 1.4301 stainless steel undergoes less mass loss and better
retains its shape when subjected to high temperatures than

B500SD carbon steel, which reduces risks of structural failure.

e EN 1.4301 stainless steel is a good alternative for critical
structures where post-fire safety is key, such as hospitals,

[T

airports, or tunnels.


https://www.cedinox.es/en/publicaciones/documentos-online/EN-1.4301-Stainless-Steel-Subjected-to-hight-temperatures-00001/

{rom Sundial to Urban Jewel

Engineering and  scientific
outreach converge in the
works of Juan  Antonio
Ros, who welcomes us at
Construcciones Metalicas
Vicsa S.L., located on the
outskirts of Zaragoza.
We find him putting the
finishing touches on his work
“Conciencia Global” (Global
Consciousness), a sculpture
3,385 mm in
made entirely of AISI 304L

with  thicknesses

diameter

between

£LE IO e
o
e &

I8

2 and 4mm. We take this
opportunity to ask him about
his work and his material of

choice: stainless steel.

Juan  Antonio Ros:  Civil
Engineer, professor, sculptor,
artist, science communicator...
One could say you are a
multifaceted man, but how
would you describe yourself?

Simply as a person with great
interest and curiosity for
knowledge and for being able

to share it with others through
art, conferences, publications,
and teaching.

Where does your passion for
astronomy and sundials come
from?

Partofourtrainingasengineers
included very complex
astronomical  geometry. |
am passionate about the
abstraction and concentration
required to solve some of
the challenges posed by our
sundials. It is fascinating to be
able to calculate and predict
the movements of the large
celestial bodies in our nearby
Universe that influence our

lives so much.

Some of your sundials hold
Guinness World Records. How
did you achieve such a feat?

On the one hand, we have
the Guinness World Record
for the largest clock in the
world, and on the other,
we have the record for the
highest precision, something
even more difficult to achieve,
which is accredited to within a

few seconds of error.

Although it is true that you
have worked with various
materials, a large part of
your sculptural and artistic
work involves stainless steel.
How did you come to use this
material, and what qualities
do you think it brings to your
work?

Stainless steel is our material.
It is untamable, yet at the
same time extremely noble.
The changing nuances,
the gleam, and the light

reflections attract us greatly.

Furthermore, as technical
professionals, we  greatly
appreciate its  durability,

strength, and sustainability.
Thanks to it, our sundials have

become urban jewels.

What are the main challenges
when working with a material

as noble as stainless steel?

Since we want the stainless
steel to express itself in its
true nature, without paints or
coatings, integrating the welds
into the overall texture is a
major challenge.

Each of your works has a
deep reflection behind it and

Juan Antonio Ros

"Conciencia Global" (Global Conciousness) Sundial

is conceived to enlighten the
viewer on different topics.
Specifically, focusing on the
Global"

Consciousness),

work "Conciencia
(Global
can you explain the idea
underlying the work and its

different parts?

It is a double sundial with a
distinct global, or 'planetary’,
shape that raises awareness
about the

climate change affecting all of

challenge  of

Humanity, and how we must

Victor Egido

all participate in the mission to
preserve the Earth as our only
possible home. Thefirst sundial
tells time wusing projected
light numbers (representing
attitudes
environmental care and the

positive toward
rational, sustainable use of
resources), and the second
uses shadows (representing
consumerism and pollution).
The proportions of the
work allow us to explain our
significance in the Universe
along the city's main

promenade.

You are working on a new
project for a very emblematic
location in Zaragoza. Can you
give us a preview?

The Zaragoza City Council
has created a route of solar-
themed STEAM pieces in
relevant urban spaces,
which will allow people to
learn, reflect, and internalize
many values regarding
environmental awareness and
our role in the Universe. A very

important piece will be placed

/;ATERIAL:
AISI 304L Stainless Steel
Supplied: Inoxcenter Zaragoza

SOURCE:
Construcciones Metalicas Vicsa, S.L

www.sunroses.eu

\Photography: cedinox©

at the AVE (high-speed train)
station to welcome travelers
with this invitation to join in
these good practices.

Thank you very much, Juan
Antonio. We definitely need
to take that route and discover
more about the beautiful
city of Zaragoza, which hides
numerous  stainless  steel
icons, such as the memorial
to the centenary of Einstein's

visit, among many others.

"Constructio Luminis" Sundial



https://www.cedinox.es/en/acero-inoxidable/que-es-el-acero-inoxidable/index.html
https://www.grupinox.com/es/index.html
https://www.sunroses.eu/en/

Alex Pentek 's &

| Hive Mind’
Sculpture as an [nterface
etween Worlds |

sculpture, installed

AI. the intersection of art,  The
in Ireland, consists of a
sphere built from 362 folded
hexagons of anodised 316L

architecture  and  nature,
sculptor Alex Pentek has
conceived a work that
transcends the conventional
boundaries of sculpture. His
project Hive Mind, inspired by
the collective organisation of
bees, offers a deep reflection
about the

between our minds and the

connection

environment, and how art can

stainless steel with a gold
mirror finish produced by
the company Rimex. This
geometry is not arbitrary: it
reproduces the structure of
an icosahedron whose twenty
triangles have been converted
into curved surfaces formed

of the environment, evoking

the compound eye of a bee.

Pentek designed the curvature
and bending of each hexagon

with  millimetre  precision.

Laser-cut grooves and notches The structure rests on a

allowed the pieces to be
bent without compromising
visual continuity or structural
integrity.  Each  of  the
twenty  curved  triangles
were assembled following a
sequence of individual letters
that facilitated the three-
dimensional assembly of the

sphere.

framework that serves as a
support and essential element
of the artistic discourse.

What Pentek calls
'infrasculpture’, a
deliberate fusion of

sculpture, architecture and
infrastructure.

To fix the sphere to the frame

and distribute its weight

with 12 mm thick hexagons,
connected by M12 bolts.

This solution met the technical
requirements associated with
the wind load, ensuring the
stability and durability of the
installation.

For Pentek, 316L stainless
steel was a technical choice,
due to its corrosion resistance

and malleability, and also a

stainless

In  Hive Mind,

becomes a mirror, architecture

and symbol, inviting the viewer
to look and think from a new

perspective.

evenly, anchor points were narrative ally. 'l trust how

act as an interface with other by hexagonal mosaics. The

MATERIAL:

materials tell the story of their
AISI 316L Stainless Steel

forms of intelligence. result is a kaleidoscopic vision designed to be reinforced

own creation', he says.

SOURCE :
www.alexpentek.com

Photographs and graphics courtesy of Alex Pentek©
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High-Performance Alloys (HP!

for Clean Power Generation

MOSI. discussions around

clean energy often focus on

the sources themselves, while
overlooking that the true
technical challenge lies in the

components. To efficiently

transform renewable
resources into reliable
electricity, the technology

must withstand increasingly
harsh environments. High-
Performance Alloys (HPAs)
bridge the
theoretical

gap between
design and
operational reality, ensuring
that  critical  installations

endure over time.
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Renewable electricity
is generated through
technologies such as
photovoltaics, geothermal

and biomass plants, hydrogen,
and other sources. Nuclear
energy is also considered

a zero-emission source.
In conventional power
generation, the challenge

lies in raising efficiency levels
and  minimizing  pollution,
especially through flue gas

desulfurization.

Today, a wide range of clean
energy technologies is being
deployed and explored
worldwide. This global
momentum has accelerated
the developmentand adoption
of  low-carbon  solutions
with reduced environmental
impact. However, many
advanced systems operate

under extreme conditions that

require nickeland cobalt-based
alloys, materials that offer
exceptional high-temperature
strength, environmental
resistance, and long-term
thermal stability. This article
examines the critical role that
HPAs from industry leaders

such as Haynes International,

Inc. and VDM Metals play in
the challenges of clean power

generation.
Solar Energy

Concentrated Solar Power
(CSP): Alloys Inside the Plant

Concentrated Solar Power
(CSP) plants direct sunlight
using thousands of mirrors
onto tubular receivers carrying
a heat-transfer fluid,thermal
oil, steam, or molten salts.
Through a heat exchanger, the
system generates the steam
necessary to drive a turbine
connected to a generator and

produce renewable electricity.

CSP plants may also follow a
central-tower  configuration.
In this design, heliostats are
arranged around a tower
with the receiver positioned
at the top. Molten salts are
commonly used as the heat-
transfer medium, transporting
heat from the receiver
to the heat exchanger or

thermal storage system at

ettt

temperatures
500 °C. These

temperatures, combined with

exceeding

extreme

potentially corrosive fluids,
require the use of HPAs such
as VDM® Alloy N06230, VDM®
Alloy 625, HAYNES® 230°
alloy, HAYNES® 282° alloy, and
sometimes HAYNES® 625 alloy.

Photovoltaics:  Alloys in

Manufacturing

Beyond CSP technology, high-
performance alloys are also
critical in the photovoltaic
value chain. As  Philipp
Verbnik, Head of Marketing at
VDM Metals, explains: “These

materials are not used in the

cells themselves, but in the

HAYNES

International

Phar e o B N TH LS e s PRDE™ kg
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production of polycrystalline

silicon.”

During this process, the
raw material undergoes a
complex transformation inside
reactors that must withstand
temperatures above
1,000°C (1,832°F). These
extreme conditions demand
equipment  designed  with
high-temperature  materials
such as VDM® Alloy N08120

and HAYNES® HR-120° alloy.
Biomass

Biomass plants require highly
robust materials, as they
operate under extreme heat,
pressure, and  oxidation.

High-performance alloys

such as VDM® Alloy 602
MCA, HAYNES® 233® alloy,
and HAYNES® HR-160° alloy
are essential, particularly
in advanced processes like
supercritical sludge treatment.
This process converts residual
mass into synthesis gas while
recovering solid components
such as minerals, heavy-metal

salts, and phosphorus.
Nuclear Energy

The nuclear industry demands
exceptionally reliable metallic
materials, particularly for the
nuclear island, fuel handling,
and waste management in
both  conventional plants

and the new small modular

reactors (SMRs). In addition to meeting ASME Il or RCCM

standards, several alloys stand out:

Nickel-Chromium-Iron Alloys (e.g.,, VDM® Alloy 690) for

outstanding corrosion resistance.
Superalloys (e.g., VDM® Alloy 718) for high mechanical strength.

Boron-containing stainless steels (e.g.,, VDM® NeutroShield) for
neutron absorption.

| e L N



https://www.acerinox.com/en/acerinox/fabricas/Haynes-International/index.html
https://www.acerinox.com/en/acerinox/fabricas/Haynes-International/index.html
https://www.acerinox.com/en/acerinox/fabricas/vdm-metals/index.html

Advanced Nuclear

Next-generation reactors
(molten-salt, liquid-metal, and
high-temperature gasreactors)
operate near 850 °C, requiring
materials with exceptionally
high creep resistance. Alloys
such as HAYNES® 244°€ alloy,
HASTELLOY® N, HAYNES® 230°
alloy, and HAYNES® 282° alloy
are used in these systems,
including as weldable overlay
materials.

High-Efficiency Cycles (A-USC
and sCO,)

Advanced Ultra-Supercritical
(A-USC)

and Supercritical CO, cycles

steam technology
demand materials capable
of operating between 600
and 760°C under extreme
(>300 bar). To
meet these challenges and

pressures
maximize thermodynamic
efficiency, HAYNES® 282® alloy
is the preferred choice, with
ASME approval for structural

applications in both systems.

Hydrogen and Ammonia

The  emerging  hydrogen

and ammonia  economy
plays a pivotal role in clean
energy markets. Hydrogen is

produced through ammonia

cracking, steam methane
reforming, and electrolysis
processes that typically

involve high temperatures and
expose materials to unique
degradation mechanisms
such as nitridation. For these
environments, alloys require
high thermal stability and
creep resistance. HAYNES®
233® alloy, HAYNES® 282°
alloy, and HAYNES® 230° alloy
are widely employed in these

applications.

Flue Gas Desulfurization (FGD)

FGD systems remove sulfur
dioxide using wet-scrubbing
processes with limestone,
highly

environments and thermal

creating corrosive

fluctuations, especially
in  absorbers and  heat
exchangers. To  withstand
these harsh conditions, high-
performance  alloys  such
as VDM® Alloy 59, VDM®
Alloy 2120 MoN, and VDM®

Alloy 31 are indispensable.

HASTELLOY® HYBRID-BC1®
and HASTELLOY® C-2000®
alloys are also excellent

candidates.

Toward a Sustainable Energy
Future

To transform theoretical clean-
energydesignsintooperational
plants, engineering must rely
on proven material solutions.
The alloys discussed in this
article, developed by leading
companies such as Haynes
International and VDM Metals,
meet this requirement by
offering a unique combination
of extreme resistance and

fabricability.

The love of sports and food

has always gone hand in hand,

and in many countries, the
arrival of autumn signals the
return of packed stadiums.
Thousands of fans flock to
enjoy their favorite sports,
baseball, soccer, or other
disciplines, accompanied
by good food and drinks.
Behind much of this culinary
experience are the stainless
steel concession carts. These
units are a constant presence
in sports venues and public
events, offering managers a
mobile, functional, and cost-
effective solution to expand
their food offerings while
making use of spaces that
remain

would  otherwise

unused.

Concession carts are used
worldwide and adapt to
local customs. In the United
States and Canada, they
are an essential part of the
sports experience, present in
baseball, American football,
and hockey stadiums. In
Europe, they are common
at fairs, parks, and sports

venues; in Spain, they often

sell sandwiches or coffee;
in Germany, sausages and
pretzels dominate; and in the
United Kingdom, fish & chips
remain a classic. In Asia and
Latin America, these carts
have evolved from traditional
street vending into more
sophisticated and safer models
that now comply with strict
sanitary regulations.  Their
versatility allows venues to
offer a wider culinary variety
without building permanent
establishments, optimizing
both space and profitability.

The concept of selling food
from a cart dates back more
than 150years. Inthe mid-19th
century, in cities such as New
York and Chicago, the first food
carts were simple handcarts
from which vendors sold
coffee or sandwiches. With
the rise of large-scale events in
the 20th century, these carts
became part of the official
infrastructure. Increasing
sanitary requirements and
the need for durability led to
the replacement of materials
like iron or aluminum with

stainless steel, which since

NAS

the 1970s has become the
industry standard due to its
strength, hygiene, and ease of
maintenance.

Like all

comes into contact with food,

equipment  that

concession carts must be made
from safe, certified materials.
In this regard, the contribution
of North American Stainless
(NAS) is key: most of these
carts use Type 304 (NAS120)
stainless steel, supplied by
NAS both directly to leading
manufacturers such as Vollrath
and indirectly to the rest of the
industry through distribution
centers. Its balance of
corrosion resistance, chemical
stability, and ease of cleaning
makes it the preferred grade
for foodservice equipment

producers.

From
Stadiums
0 Palates

Additional

include long service life, low

advantages

maintenance, high mechanical
strength, and excellent heat
resistance in carts with
cooking equipment. Its clean
and professional appearance
also  enhances  consumer
trust and the vendor’s image,
establishing stainless steel as
the ideal material for a sector
that combines mobility, safety,

and high demand.

/ )

MATERIAL:

AlSI 304 Stainless Steel (NAS120)
Manufactured and supplied:
NAS, North American Stainless

SOURCE & PHOTOS:
www.vollrathfoodservice.com
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Axis House:

Felipe Pantone, the

Argentine-Spanish artist,
transforms a history-laden
house into an art center, a
space dedicated to creativity.
The original construction was
designed by Antonio Segura,
together with architect

Pascual Genovés, in 1975.

This magnetic location
captivates  everyone  who
approaches it, becoming
the perfect setting for the
exchange of ideas, learning,
and inspiration through an
artist-in-residence  program

promoted by Pantone.

The cultural complex consists
of the house as the central
element, the discotheque, the
garden, and the new building
destined to house the FP
Studio office, workshop, and
exhibition space. The existing
building is an architectural
gem, with which the new
constructions  were not
intended to compete. The
original dwelling is a building
with a "Space Age" aesthetic,
surprising in  every room
with its meticulous and well
maintained interior design
featuring avant-garde pieces.
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The curved forms of its facade,
along with the structural feat
that makes the house levitate
over the transparent pool, are
representative of this artistic
trend.

The new building proposed by
Felipe Pantone together with
Marina Victoria, an architect
at FP Studio, is a block of
pure forms, lightweight and
appearing to float above the
ground, thus maintaining
the relationship with the
original construction without
overpowering the house,
which  remains the iconic
element of the complex. The
new space designed to house
the studio had to serve the
new methods and processes
that had been incorporated
into Felipe's creations. They
needed a spacious area with
natural light entry, capable
of also hosting exhibitions
and collaborations with
other artists. They included a
recessed pit for large-format
works, as well as climate-
controlled rooms adapted
to the requirements of
production machines.

From the very beginning,
the staircase connecting the
basement to the ground floor
was conceived as the defining
element of the new workshop,
once again generating a

dialogue with the original

house, whose staircase is also
a singular feature. The chosen
company could be none other
than Ramiro Hermanos, who
manufactured the lacquered
iron staircase for the original
house. Two  generations
separate both staircases, a
beautiful legacy with a job of
similar  characteristics, but
approached in a radically

different way.

For the new design, they opted
for a large-format staircase
with an industrial character,
built by stacking stainless steel
discs evoking the gears of
Pantone's works. Once again,
a helical staircase, in this case,
three meters in diameter.
The dimensions were one
of the first challenges that
Ramiro Hermanos successfully
overcame. It was not possible
to manufacture the 3m
diameter discs from a single
stainless steel sheet, which
forced a welded joint on both
sides, distortion-free  and
perfectly refinished, as it is an

exposed element.

For its on-site assembly,
special transport with a crane
was necessary to move the
segments and load them in
assembly order. The initial
tread is a 3m diameter
disc with an internal profile
structure and embellished on
the outside with curved sheet
metal.  Another challenge
faced during assembly was
starting construction from the
lower floor with the largest

disc, which motivated the

fabrication of a custom cart
to move the pieces to the
shaft. It was also necessary
to use a beam with a hoist
to lower each of the heavy
pieces. These were complex
maneuvers, as the shaft was
extremely tight relative to
the final dimension of the

staircase.

It is worth highlighting the
importance of the surface
finish on this singular element
of the new construction.
In  collaboration with the
designers, the metalworking
company performed a
mechanical matte finish with
coarse grain to guarantee the
desired result, both on the
edges and on both faces of the

discs.

Meticulously designed projects
are drivers of innovation for
the industry and materials,
and experienced companies
like Ramiro Hermanos are the
ones that make it possible.
Founded in 1939, they work
metal as a fusion between
technique and craftsmanship,
which they consider the only
path to industrial success and
the key to versatility.

MATERIAL:
AIS| 304L Stainless Steel

Manufactured: Acerinox Europa
Supplied: Inoxcenter Valencia

SOURCE:
www.ramirohermanos.es
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Architecture

Dear colleague,

| am writing these lines
to invite reflection on our
profession and the challenges
we face in every new project.
Those moments when our
decisions will define whether
the work is merely functional
or whether it will acquire true

architectural value.
The Conceptual Phase

The first and most abstract
challenge is conceiving the
idea. Overcoming the fear of
the blank page. In this stage,
our mission is to capture
desires and intentions:

e Capturing the essence
of the place: not only
topography, but also
culture,  history, and

atmosphere.

e Deciphering the program:
understanding the client's
needs and desires, and
translating them into
coherent and habitable

spaces.

e Conceiving the generative
idea: this is the creative
leap, where what does

not yet exist emerges.

The value of the project is
born here, in that fleeting
sketch or conceptual model.
But we must avoid falling in
love with the idea too soon; it
is a time for experimentation.
The key to success lies in
exploring until we find the

most powerful form to solve

the stated problem.

We have found the ideal
From this point on, our sole
objective will be to preserve
the "soul" of the project like
a treasure, while dealing with
the mundane reality of gravity,
technology, and economics.
The technical process will
threaten to dilute the purity
of the idea; however, the good
architect will turn it into an
ally, leveraging it to refine and

strengthen the original idea.
The Development Phase

This is the litmus test. It
is the moment to fit the
technical requirements while
maintaining the strength of
the idea. It will be necessary to
define the structural solutions
and the complex framework
of MEP systems, complying
with the building codes, while
satisfying the programmatic
needs.

Doing all of this alone is an
almost overwhelming task,
which is why it is important
to find good fellow travellers.
Once again, the architect
transforms into an interpreter
between the collaborating
professionals from the
different disciplines involved.
The initial sketch must be

transformed into the precise

structural calculation.  We

are an interlocutor who
understands the language of
the civil engineer, the systems
designer, and, of course, the

site foreman.

In this development phase,
the material selection is both
a constraint and a valuable
ally to emphasize the idea.
This is a turning point where
we are clear about some
characteristics that are part
of the generative idea, but
which will have consequences
in the definition of the
details.  The
architect who understands

construction

materials science has the
advantage. Understanding
that material selection is not
limited to the surface finish,
but that the materials are
active components defining
the expression, the durability,
or the energy performance of
the building. It is required to
understand the mechanical
resistance, the physical
properties,  response  to
atmospheric agents, and even
the environmental impact of
each material, to guarantee

technical feasibility.

It is in this phase when the
architect, like the conductor
of this orchestra, ensures that
all these decisions converge.
Material choices will have

implications for the thickness,

weights, and dimensions of
each element. Meticulous
and well defined construction
details are our tool to shield
the conceptual idea against
the simplifications or generic

solutions of the contractor.

The Construction Phase

The final challenge. Our role at
this stage is to be the guardian
of the idea. The challenge
is to protect the proposed
architectural quality  from
the various trades involved.
It is a phase of constant
negotiation, problem-solving
for unexpected events, and

rapid decision-making.

The final duel, once our work
is constructed, will be with
the inevitable passage of
time. Successful management
of all phases will ensure that
the building functions and
ages gracefully. We know that
stainless steel is our best ally in
this task. But a robust design
will also offer resistance

against obsolescence.

It is for all these reasons
that we conceive the art of
designing as the ability to
sustain a vision through all
these stages. And thus, we
achieve spaces that not only
are functional but also move

us.
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Cedinox’ 40 years

Our founders were
ACERINOX, AUSTINOX,
ROLDAN, INCO and
TORBESA, our primary
objective was to
contribute to increasing
the per capita
consumption of stainless
steel in Spain.

From the outset, helping the
fabricators understand our
material has been one of our
core pillars. Our very first course,
held at the Polytechnic
University of Girona and focused
on welding, saw a strong start
with 98 registrations.That same
year stainless steel chimneys
were certified and the following
year we developed the table of
AISI-UNE equivalences, based
on the suggestions received

» from theindustry.

86

Teaching

We view our work as a
patient sowing of seeds.
Following this philoso-
phy, we established the
Acerinox Award for final
degree projects (TFGs)
and theses. This award
targets students who
have successfully
completed our courses.
By this date, nearly 1,500
students had attended
our courses.

20
19

I

Support

Offering free technical
consultations via
telephone became a
reality. In the same year, we
celebrated the inaugural
Cedinox Award. The
purpose of this award was
to publicly recognize
individuals or entities that
utilize stainless steel in an
effective and original
manner in their projects.

Regulations

19
91

When European regula-
tions mandated catalytic
converters in 1993, we
contributed studies
comparing stainless steel
to other materials.The
following year, we
partnered with Euro Inox
to launch the LCC (Life
Cycle Cost) program for
stainless steel products,
initially distributed via
floppy disk.

Stainless steel has always been
strongly linked to the transport
sector. In fact, Barcelona used
it for the bodywork of its new
bus fleet. A significant
milestone was the translation
of the book, Los Aceros
Inoxidables, by Gabriele Di
Caprio who was a decisive
figure in the widespread
dissemination of stainless steel
knowledge and actively
supported the creation of

¢ Cedinoxitself.
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First Achievements

In sight

The choice of exposed
stainless steel in
avant-garde projects is a
fact. Specifically, textured
finishes are proving
instrumental in mitigating
undesirable effects such as
high reflectivity. As more
emblematic structures
populate our cities, we
continue to deepen our
focus on the correct | grade
selection and
maintenance.
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Making an impact

Revolution
20|
22

The long-awaited new
Structural Code officially
entered into force,
introducing guidelines for
the design and calculation
of stainless steel structures.
This solidified stainless
steel as a recognized
structural alternative, a
significant achievement. In
parallel, we supported the
construction of the
Hyperloop prototype.

We were deeply involved in
the Monaco land extension,
supplying one of our star
products: stainless steel
rebar. Previously, we
participated in several key
projects, including the Hong
Kong-Zhuhai-Macau Bridge,
La Sagrada Familia, various
heritage site rehabilitations,
and national and internatio-
nal civil works. All were
instrumental in the develop-
ment of this critical product.

Reinforcement

The devastating pandemic
forced us to pivot the way we
approach our work. The
“virtual” concept gained
critical significance, leading us
to fully leverage the
capabilities of our website.
Consequently, our courses
continued in online mode. We
also welcomed a new family
20 member: high-performance
alloys, and accompanied
Acerinox in celebrating its

20 ® 50th Anniversary.

Welcome

20

23 |

Urban

Outreach

20
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We always strive to keep
up-to-date. We officially
launched our first
website, which
immediately led to more
technical inquiries,
richer content, and
closer relationships with
the users of stainless
steel.

We believe in listening
to anyone with a great
idea, and by chance, an
inventor knocked on
our door. It was
challenging to execute,
but we ultimately
succeeded in bringing
the lightest stainless
steel butane cylinder
on the market to
production.

20
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Recycl-ed, -able

20
24

We are deeply involved in
the launch of the
EcoACX® product,
featuring:+90% recycled
material, -50% carbon
footprint,+100% use of
green energy in its
manufacturing. We firmly
believe that stainless steel
is the definitive alternative
for the future.

Stainless and the City was
born. There is no better way
to discover that stainless
steel is truly everywhere. A
virtual map is available on
our website for continuous
consultation. Aiming to
improve the well-being of
society, we published a
study on manufacturing
cement using stainless
steel slag.

20
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Moving forward

Responding to the
demand for information
to reach a wider
audience, we began by
summarizing the content
of our magazine, Acero
Inoxidable, in English.
Today, the entire
magazine is available in
English, reflecting the
fact that our focus
expanded beyond Spain
quite some time ago.

Scope

Sustainability, new
forms of energy storage,
safety, and innovative
finishes are just a few
examples of the new
challenges facing
society where stainless
steel plays a leading role.
Here's to 40 more years
on the path toward
knowledge and its
effective dissemination!



Microstructural analysis was performed via metallographic the results, LSP treatment
preparation and electrolytic etching with oxalic acid to was applied with a density of
1600 pulses/cm? to the four

remaining specimens, and the

reveal grain boundaries and O&-ferrite content. Subsequently,

l optical microscopy, Scanning Electron Microscopy (SEM), and
same tests (fatigue, stresses,

EDX spectroscopy were used to study the composition and

heterogeneities present. Porosity was quantified through image corrosion, and hardness) were

processing and comparison with studies based on Archimedes' repeated.
” o o principle. Regarding mechanical characterization, six specimens
Alba Gonza]ez OVIaHO were tested for fatigue at differentload amplitudes. After obtaining
We would like to introduce Alba Gonzélez Oviafio, a recent graduate of "ﬁfl,_ [ = - [ | ] e B

i
the Master’s in Industrial Engineering from the Technical University of _m l &a | Q ] B4 B

Madrid (UPM) and winner of the IX Acerinox Award.

Specimen cutting scheme

In this section, we would like to highlight her career path as an example

of young talent oriented toward excellence. With a specialization RESULTS

in materials and receiving Summa Cum Laude honors for their final

) ) ) Microstructure
project, her award-winning project addresses one of the fields with the

greatest current potential: Additive Manufacturing (AM) techniques.

Additive Manufacturing Te

AM, Additive Manufacturing,
techniques allow for the fast
and versatile production of
complex parts, establishing
themselves as rapid
prototyping technologies in
sectors such as automotive,

biomedical, and aerospace.[1]

Although polymeric, ceramic,
or metallic materials can
be used, the recent growth
of metal AM has driven
the development of new
companies, among them
the Spanish firm Etxetar. The
technology they employ is
Directed Energy Deposition
(DED), based on the layer-
by-layer deposition of metal
powder and its melting via a
laser beam. AISI 316L stainless

3

steel is used as the base metal
due to its good weldability,
corrosion  resistance, and
mechanical behavior. However,
the numerous thermal
cycles of the DED process
generate residual stresses and
heterogeneities that reduce
its properties compared to

materials obtained by rolling.

With the aim of improving the
manufacturing method and
material performance, Etxetar
initiated a  collaboration
with the UPM Laser Centre
(CLUPM) [2] in 2019. Since
then, various studies [3] [4]
[5] have been developed
that allowed for the first-
time characterization of the
mechanical behavior of 316L

steel formed by DED. Among

the proposed improvement
techniques,  Laser  Shock
Peening (LSP) stood out. This
technique is based on the
generation of laser-induced
shock waves that induce
surface compressive stresses,
mitigating defects associated
with the DED process and

improving in-service behavior.

The  objective  of  this

work was to characterize

the DED-manufactured
AISI  316L stainless steel
microstructurally and

mechanically, and to evaluate
the potential of the LSP
treatment as a post-processing
method to approximate its

behavior to that of rolled steel.

nniques

Materials and Methods

Eleven specimens
manufactured by  Etxetar
were used: 10 longitudinal
ones for mechanical testing
and one transverse one for
microstructural study, as this
arrangement allows for the
observation of layer evolution.
The longitudinal specimens
were destined for fatigue,
residual stress, corrosion, and
hardness tests, following ASTM
standards E466, E837-08, G15,
and 384-17, respectively.

Walls produced using DED techniques at
Etxetar's facilities

The DED manufacturing method produces a cohesive and aligned with the specimen's

continuous microstructure between layers due to epitaxial growth appears with columnar
growth. The layer thickness proved to be alternating: if layer n has dendritic structures, where

a thickness less than the average, layer n+1 will be thicker. cooling is slower [6]. Similarly,

) S ) the retained &-ferrite content
In the micrographs, an evolution in grain growth and morphology

is visualized, associated with the distinct thermal gradients and decreased with height due

) ) . to the lower cooling rate and |
cooling rates that occur during manufacturing. In zones near

the substrate, the grain growth orientation follows a thermal greater time available ~ for

austenitic transformation. [7]

gradient with a certain inclination regarding the vertical direction
of the specimen, with a cellular dendritic structure associated

with higher cooling rates. In more distant zones, an orientation

Porosity remains stable at around 1% throughout the specimen.
This measurement is consistent with results performed by the
company itself and is considered acceptable for components

manufactured by DED.

Photograph of the right end of Layer 3 (Specimen A1) at x25, x50, and x100, respectively 33



Fatigue Behavior and Effect of LSP

The steel manufactured via DED showed a fatigue limit of 110
MPa in untreated specimens in the longitudinal direction. After
the application of the LSP treatment, this limit increased to
115 MPa, still situated below the reference rolled material (160
MPa untreated and 200 MPa after LSP). However, the treatment
shifted the S-N curves to the right, significantly improving fatigue
resistance in the low-stress regime and increasing service life at
equal applied load.

Residual stress (MPa)

[+] - | ox 3 1] 05 05 oy 1] oA
Depth (mm)

=s=%max 316L DED
=e=Srmi 3160 DED LSF

==5min 316L DED
Smin 316L DED L5P

Comparison of residual stress maps

In addition to improving fatigue behavior, it was observed that
the LSP treatment generates stable residual compressive stresses
up to half a millimeter in depth, reversing the tensile stresses
generated by the DED technique. These residual stresses were
measured using the hole-drilling method. This provides an
incentive to continue researching the LSP technique as a post-

process for AM applications.
Corrosion Behavior

Regarding the specimens manufactured by DED techniques, their
resistance to pitting corrosion is also surprising, being better than
that present in commercial rolled steel. Furthermore, it presents a
more protective oxide than that produced in commercial steel. In
this case, the LSP treatment considerably improves its protection
by creating a highly stable passive layer.

Hardness

The hardness of the steel manufactured by DED was 58% higher
than that of rolled steel. However, the influence of the LSP
technique on surface hardening is much lower and diminishes at
a depth of 100 pm.

4

CONCLUSIONS

This work has represented a major advance in microstructural
characterization for materials subjected to processes with
severe thermal gradients and high mass input, such as DED.

This work has allowed, for the first time, a detailed correlation

of the microstructural evolution in DED with mechanical

and electrochemical behavior, laying the foundations for the

development of predictive models and future optimizations in the

additive manufacturing of stainless steels
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Did you know..?

A New Way to Explain Stainless Steel

At Cedinox, we want learning
about stainless steel to be
increasingly accessible. That
is why, in this edition, we
are introducing two formats
designed to support vyou
depending on the type of
information you need.

On the one hand, we have
the Technical Documents,
developed to delve into
complex topics with detailed
explanations. These are the
ideal option when you are
looking for a comprehensive
view of a process, an
application, or a technology.

On the other hand, we
continue to promote our Did
You Know? ("iSabias que?")
series, bite-sized pieces of
information that clarify a
technical concept in just a
few minutes. These texts are
designed to answer a specific
question directly, without the
need for extensive reading.

The new feature is that
both formats will now be
connected. Each Technical
Document will have its own
corresponding  "Did  You
Know?", briefly explaining the
core idea of the topic. This
way, you can choose, a quick
read if you only want to grasp
the main concept, or the full
document when you need a
broader explanation.

To access them, both formats
are available at www.cedinox.
es/ under the Publications
section, specifically within the
Online Documents and FAQS
subsections. Additionally, you
can stay updated on every
new publication through our
social media channels.

We want these formats to
answer real questions from
the industry. If you have
any proposals or topics you
would like to see explained,
please write to us at cedinox.
marketing@acerinox.com.
Your inquiry could become our
next publication.
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Alex Pen

Alex Pentek is a contemporary
sculptor based in Cork, Ireland,
whose work has transcended
borders, characterized by
a deep philosophical and
material exploration inspired
by the art of origami. With
a trajectory marked by
numerous commissions for the
public realm in Ireland, the UK,
the US, Canada, and Australia,
Pentek has

reputation as an international

cemented his

artist who fuses engineering,
material  sensibility, and

social consciousness in his

monumental creations.

His practice is nourished by
rigorous research, generating
collaborations with various
programs and universities.
This intersection between
art, science, and engineering
highlights Pentek's belief in
the potential of origami to
challenge norms and foster

innovation.

In addition to science, Pentek
has collaborated with other
fields such as dance, music,
and theatre, designing
interactive installations and

sculptures.

Pentek's work in public spaces
is distinguished by its scale
and the choice of durable
materials, with stainless steel
being one of his favourites
for his most iconic works due

to its corrosion resistance,

durability, and high-quality
finish.
Alex Pentek is redefining

public sculpture. Through the
poetics and philosophy of the
origami fold, and with durable
materials, he creates works
that not only embellish the
urbanlandscape butalso act as
powerful reminders of history,
nature, and the profound
connection between art and

interdisciplinary research.
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