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Description

Field of the invention

[0001] The present invention relates to methods for magnetic conversion of microporous metal materials from
paramagnetic to ferromagnetic. In particular, the present invention relates to a conversion method for changing (con-
verting) magnetic behavior of microporous austenitic stainless-steel materials from paramagnetic to ferromagnetic.
[0002] The invention also relates to the ferromagnetic microporous stainless-steel materials obtainable thereby as well
as to their uses, particularly in applications where an efficient heat exchanger for fluids is required.

Background of the invention

[0003] Most of the heating systems for fluids are based on electrical resistances that are placed inside the fluid to heat it
via Joule effect. Also, there is a possibility to directly heat metal pipes via Joule heating. This is used in heaters that can be
applied to heat tap or shower water.
[0004] However, the heating of the fluids in both cases is not efficient due to a poor heat transfer from the Joule heated
conductor to the fluid. To increase the heating efficiency and the heat transfer capability porous materials can be used. For
example, a Ni foam heated by Joule effect has been employed to heat and disinfect air. [LYu et al: Catching and killing of
airborne SARS-CoV‑2 to control spread of COVID‑19 by a heated air disinfection system, Materials Today Physics 15,
100249 (2020)].
[0005] Moreover, these heating systems require electrical contacts to the heating resistance or to the metal pipe, which
complicates the design and increases the costs. To reduce the complexity, wireless heating of a porous structure inside a
fluid pipeline could be achieved by magnetic induction or optical heating. In this context, porous stainless-steel structures
can provide a cost-effective alternative to combine wireless magnetic heating and/or optical heating, and to efficiently
transfer the heat to the fluid going through the porous structure. However, the majority of the porous stainless-steel
structures are composed of non-ferromagnetic austenitic microstructures, whose magnetic induction heating efficiency is
limited. The conversion of the austenitic to a martensitic phase stainless-steel can modify the magnetic behavior to exhibit
ferromagnetism at room temperature. A widespread method to obtain magnetic (martensitic) steel from non-magnetic
(austenitic) steel is by a quenching process of the later from high temperatures. [M. Wendler, C. Ullrich, M. Hauser, L.
Krüger, O. Volkova, A. Weiß, J. Mola, Quenching and partitioning (Q&P) processing of fully austenitic stainless steels. Acta
Mater. 133 (2017) 346‑355.] The process is usually based on heating the austenitic steel to high temperature, typically
around 1000 °C, and then rapidly cooling the material (i.e., quenching) to room temperature, or below, usually using a
liquid, like water, oil or liquid nitrogen. The transformation of austenitic stainless steel into the martensitic phase is typically
used to achieve an increase in its hardness and strength. Austenitic stainless steel is known for its excellent corrosion
resistance and formability, but it has relatively low strength compared to other steel types. By subjecting the austenitic
stainless steel to a specific heat treatment known as quenching, it can be transformed into a harder and stronger phase
called martensite. However, this transformation has not been applied to enhance the magnetic heating efficiency. On the
other hand, the large size of the microstructures in porous stainless makes that the optical heating efficiency is also low.
[0006] Therefore, there is still the need to provide an alternative to the prior art that resolves the shortcomings thereof.
[0007] There is still the need to find more efficient systems to heat flowing fluids in several applications, including air
disinfection, thermo-catalytic processes, or water heating.

Description of the invention

[0008] The present invention was made in view of the prior art described above, and a first aspect of the invention is to
provide a method for magnetic conversion of a microporous metal material from paramagnetic to ferromagnetic.
[0009] The method is characterized in that the microporous metal material comprises a microporous austenitic
stainless-steel material as raw material, and the method comprises the steps of:

i) thermal annealing the microporous austenitic stainless-steel material as raw material, wherein thermal annealing
comprises heating the microporous austenitic stainless-steel material to an annealing temperature comprised of
between 500°C and 1,200°C, and maintaining the microporous stainless-steel material at the annealing temperature
for a period, and then,

ii) cooling down the annealed microporous stainless-steel material to room temperature, wherein the cooling is carried
out by allowing the annealed microporous stainless-steel material to cool under room temperature, so the annealed
microporous stainless-steel material is slowly cooled, or alternatively wherein the cooling down is carried out by
immersing the annealed microporous stainless-steel material in an organic solvent, preferable isopropanol bath, that
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is at room temperature, so the annealed microporous stainless-steel material cools quickly.

[0010] The annealing process of step i) is carried out under atmospheric conditions. This means that no gas treatment is
carried out, i.e., no inert gases or other components are used during annealing.
[0011] Preferable microporous metal material as raw material consists of a microporous austenitic stainless-steel
material. Preferable, it is a filter.
[0012] Surprisingly, the method of the first aspect is capable of:

- changing the magnetic behavior from paramagnetic to ferromagnetic of a microporous austenitic stainless-steel
material;

- increasing the surface area due to the nanostructuring of the surface during the thermal annealing (step ii);

- enhancing the magnetic specific absorption rate (SAR) and/or optical absorption efficiency in a wide light spectral
range.

[0013] Preferable annealing temperature (step i) is comprised of between 800°C and 1,100°C, more preferable between
940°C and 960°C.
[0014] Preferable organic solvent in step ii) is isopropanol. Other organic solvents can be used as well.
[0015] Preferably, the microporous austenitic stainless-steel material as raw material includes an average pore
diameter equal to or lower than 80 µm, preferably an average pore diameter equal to or lower than 25 µm.
[0016] The microporosity can be alternatively measured by the average particle size of the particles delimiting the pores
in the microporous material. Therefore, the microporous austenitic stainless-steel material as raw material can include an
average particle size lower than 100 µm, preferably an average particle size lower than 50 µm.
[0017] The microporous austenitic stainless-steel material as raw material can be initially cleaned by immersing the
microporous austenitic stainless-steel material in an organic solvent bath under ultra-sonication and then drying with a
nitrogen flow. Preferable organic solvent is isopropanol.
[0018] Optionally, the microporous austenitic stainless-steel material as raw material can be further initially chemically
treated to remove metals and oxides that can be present at their surface, whereby the availability of the iron at the surface of
the raw material be assured.
[0019] Optionally, the chemical treatment is carried out before the thermal annealing of step i), and comprises chemically
treating the microporous austenitic stainless-steel material as raw material in an acidic mixture comprising hydrochloride
acid and nitric acid in a volume ratio from 3:1 to 1:3. Preferable acidic mixture is in an equimolar ratio 1:1.
[0020] In a second aspect, the present invention also provides a ferromagnetic microporous stainless-steel material
obtainable by the method defined in the first aspect of the invention.
[0021] Surprisingly, the obtainable microporous stainless-steel material is ferromagnetic, and the surface nanostruc-
tured.
[0022] The authors of the present invention have found that, in addition to converting from paramagnetic to ferromag-
netic, the obtainable microporous stainless-steel material is hydrophilic or hydrophobic in accordance with the way of
cooling (slow or quick).
[0023] In fact, when the cooling step is carried out by allowing to slow cool down under room temperature, then the
obtainable ferromagnetic microporous stainless-steel material is also hydrophilic.
[0024] On the other hand, when the cooling step is carried out at by immersing in an organic solvent bath that is at room
temperature, then the obtainable ferromagnetic microporous stainless-steel material is also hydrophobic.
[0025] Compositionally, the surface of the obtainable ferromagnetic microporous stainless-steel material is also varied
in accordance with the way to cool down, slow or quick. In the first way (slow), the surface of the ferromagnetic microporous
stainless-steel material is all of iron oxides, and in the second way (quick) the surface of the ferromagnetic microporous
stainless-steel material is of carbon.
[0026] In a preferable embodiment, the material is a filter.
[0027] The ferromagnetic microporous stainless-steel filter as raw material can be of stainless-steel, sintered or not.
[0028] In a further aspect, the present invention is directed to the use of the ferromagnetic microporous stainless-steel
material obtainable by the method defined in the first aspect as a heat exchanger in fluids.
[0029] The stainless steel microporous ferromagnetic material of the invention as a heat exchanger is capable of saving
energy. Using a magnetic field, the temperature reached is around 45% higher, and close to 75% higher using optical
heating. Heating can be done wirelessly, that is, without direct contact between the ferromagnetic material and the energy
source, either magnetic or optical.
[0030] Advantageously, the heat exchanger is able to be heated by magnetic induction and/or by optical absorption to
act as a very efficient heat exchanger in fluids flowing therethrough.
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[0031] The method in accordance with the first aspect of the present invention can be also an alternative to fabricate
ferromagnetic microporous stainless-steel materials.
[0032] Thus, the method of the first aspect of the present invention encompasses a method to fabricate ferromagnetic
microporous stainless-steel filters, in which iron powder compacted as raw material is subjected to the annealing treatment
described in step i), and then cooling down as described in step ii) to obtain a ferromagnetic microporous stainless-steel
material.
[0033] The annealing temperatures of step i) can also allow to sinter the iron powder compacted as raw material, so the
ferromagnetic microporous stainless-steel material obtainable thereby can also be sintered.
[0034] The ferromagnetic microporous stainless-steels material can be used in applications where an efficient heat
exchanger for fluids is required. Applications such as air disinfection, thermo-catalytic processes, or water heating among
others are susceptible to be performed using a ferromagnetic microporous stainless-steel material or filter obtainable in
accordance with the first aspect of the present invention as an efficient heat exchanger.

Definitions

[0035] According to the present invention, the term "annealing" has the common meaning in the art that is a heat
treatment process which alters the microstructure of a material to change its mechanical or electronic properties. Typically
in the art, in steels, annealing is used to reduce hardness, increase ductility, and help eliminate internal stresses. A typical
annealing process includes three main stages. During the annealing process, the metal is heated to a specific temperature
where recrystallization can occur. At this stage, any defects caused by deformation of the metal are repaired. The metal is
held at that temperature for a fixed period, then cooled down to room temperature.
[0036] According to the present invention, the expression "austenitic stainless steel" means a specific type of stainless-
steel alloy. Stainless steels can be classified by their crystalline structure into four main types: austenitic, ferritic,
martensitic, and duplex. Austenitic stainless steels possess austenite as their primary crystal structure (face-centered
cubic). This austenite crystal structure is achieved by sufficient additions of the stabilizing elements of austenite: nickel,
manganese, and nitrogen. Their crystalline structure makes the austenitic steels essentially non-magnetic.
[0037] According to the present invention, the expression "atmospheric conditions" means the atmospheric pressure
and the ambient or room temperature, usually 1 atmosphere of pressure and 23°C of temperature. The ambient or room
temperature includes values from 15°C to 35°C.

Brief Description of the Drawings

[0038] To better understand the description made, a set of drawings has been provided which, schematically and solely
by way of non-limiting example, represent practical cases of various embodiments.

Figure 1 depicts the morphology of microporous austenitic stainless-steel filters commercially available in the art.

Figure 2 depicts the morphology of a ferromagnetic microporous stainless-steel filter obtained in Example 4 using
slow cooling (blue surface filter).

Figure 3 depicts the morphology of a ferromagnetic microporous stainless-steel filter obtained in Example 4 using
rapid cooling, in two different magnification scales, (a) 8,000 and (b) 60,000 (black surface filter).

Figure 4 depicts a bar graph of the effect on porosity of magnetic induction heating (132 kHz, 500 Oe) of 20 L/min
constant airflow through treated filters (striped columns), treated with an annealing temperature of 950°C and with
rapid or slow cooling, versus untreated filters, porosity varies for average pore diameters of 5 µm, 10 µm, 25 µm, 40
µm, 60 µm and 80 µm.

Figure 5 depicts a bar graph of the effect of the annealing temperature between 650°C and 1,000°C on the magnetic
induction heating (132 kHz, 500 Oe) in a constant airflow of 20 L/min flowing through filters of average pore diameter of
10 µm, treated with an annealing temperature of 950°C and with rapid or slow cooling.

Figure6depicts the obtained data of the effect of the period maintaining to the annealing temperature on the magnetic
induction heating (132 kHz, 500 Oe) in filters of average pore diameter of 10 µm, treated with an annealing
temperature of 950°C.

Figure 7 depicts four graphs of the magnetic induction heating effect for four treated filters of different average pore
diameters (5 µm, 60 µm), subjected to different magnetic frequencies (78 kHz, 404 kHz) and magnetic field amplitude
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of 125 Oe. The squares show the data obtained with thermally treated filters and with rapid or slow cooling, and the
circles show the data obtained with untreated filters.

Figure 8 depicts four graphs of the magnetization reversal loop effect for four treated filters of different average pore
diameters (5 µm, 60 µm), subjected to different magnetic frequencies (78 kHz, 404 kHz). Black cycles show the data
obtained with thermally treated filters using an annealing temperature of 950°C and with rapid or slow cooling, and
grey circles show the data obtained with untreated filters.

Figure 9 depicts a graph of magnetic induction heating efficiency versus different magnetic field amplitude (Oe), H=
100 Oe, 125 Oe, 150 Oe, 175 Oe, in filters of average pore diameter of 10µm, treated with an annealing temperature of
950°C.

Figure10 depicts a graph of the effect of optical heating (917 nm wavelength and 15 W power) on treated filters (black
line) versus untreated filters (grey line).

Detailed description of the invention

[0039] As described above, the present invention provides a method for magnetic conversion of microporous metal
materials from paramagnetic to ferromagnetic.
[0040] In particular, the present invention relates to a conversion method for changing magnetic behavior of micro-
porous austenitic stainless-steel materials from paramagnetic to ferromagnetic.
[0041] The conversion method is suitable for changing the austenitic stainless steels which is paramagnetic to a
ferromagnetic behavior.
[0042] The magnetic conversion method of the first aspect transforms their magnetic properties from paramagnetic to
ferromagnetic and generates micro/nano-structuration of the pore surface (Figures 2 and 3 (a), (b)).
[0043] In addition, the cooling step ii) (quick cooling) in an organic solvent (preferably, isopropanol) results in the
deposition of a carbon layer on the material (filter) surface.
[0044] Advantageously, the ferromagnetic behavior enables a high improvement of the magnetic induction heating
efficiency.
[0045] Furthermore, the nanostructured surface and the deposited carbon layer enable boosting the optical heating
efficiency.
[0046] The conversion method also provides a powerful protection for corrosion in both air and water conditions, even at
very high temperatures.
[0047] The potential applications include air disinfection, methane pyrolysis for generation of H2 without CO2 emission,
other thermo-catalytic processes in gas o liquid phase, and even efficient decentralized water heating.
[0048] The obtainable ferromagnetic microporous stainless-steel reveals an efficient heating of fluids by magnetic
induction and/or optical absorption.
[0049] The filters obtainable using the method of the first aspect of the present invention were surprisingly improved
compared to the untreated filters, as it will be discussed below.

- Effect of the Porosity Filter on the Magnetic Induction Heating-

[0050] As can be observed in Figure 4, the effect of the porosity on the magnetic induction heating was surprisingly
improved using an average pore diameter equal to or lower than 25 µm. Moreover, the filters with smaller average pore
diameters, that is of about 5 µm, reached a still higher temperature in the filter, even above of 400°C, compared to filters
having a higher average pore diameter, particularly higher than the threshold of 25 µm.
[0051] Therefore, heating of the porous material by magnetic induction is further improved with an average pore
diameter equal to or lower than 25 µm.

- Effect of the Annealing Temperature on the Magnetic Induction Heating-

[0052] As shown in Figure 5, the maximum temperature, expressed in Celsius degrees, achieved in filters heated by
magnetic induction is obtained by using an annealing temperature range between 900°C and 960°C.
[0053] Therefore, heating of materials by magnetic induction is further improved when materials are thermally treated
(step i) using annealing temperatures from 900°C to 960°C, independent of the cooling down (step ii) by a slow or quick
way.

- Effect of the period maintaining the Annealing Temperature on the Magnetic Induction Heating-
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[0054] As shown in Figure 6, the effect of the period maintaining the annealing temperature on the magnetic induction
heating of the annealed filter does not change too much after the first 15 minutes, and does not affect or even goes down
after 1 hour maintaining the annealing temperature.
[0055] Therefore, the preferable period maintaining the annealed material to the annealing temperature (step i) is equal
to or lower than 1 hour, preferably equal to or lower than 30 min.

- Effect of the porosity of the filters on the Magnetic Induction Heating -

[0056] Several assays of magnetic heating for different average pore diameters and magnetic frequencies, at fixed
magnetic field amplitude, were performed.
[0057] As shown in Figure 7, the effect of the porosity of treated filters of average pore diameter of 5 µm versus 60 µm,
subjected to a magnetic frequency of 78 kHz versusa magnetic frequency of 404 kHz with a fixed magnetic field amplitude
reveals that the lower is the average pore diameter (5 µm) and the magnetic frequency (78 kHz) the higher is the heating
(°C) in the treated filters by magnetic induction.
[0058] Therefore, the optimal magnetic field frequency for magnetic induction heating depends on the pore size and,
therefore on the size of the particles that form the porous structures The smaller is the pore size, the smaller is the
dimension of the particles that form the porous structure. This effect is because for small pores, that is < 25µm, preferable 5
µm, and low frequencies, that is < 200 kHz, 78 kHz, the ferromagnetic behavior dominates in the particles and the heating
due to hysteresis losses is in the same range as the heating due to Eddy currents.
[0059] In contrast, for large frequencies (> 404 kHz), the heating due to Eddy currents dominates and the hysteresis
losses contribution given by the ferromagnetic behavior is weak.
[0060] For large pore filters (>60 µm), the effect of the thermal treatment is small and the hysteresis losses in the larger
particles that form the porous structure have a negligible contribution.
[0061] Therefore, the use of ferromagnetic microporous stainless-steel material obtainable by the method defined in the
first aspect of the invention as a heat exchanger in fluids is preferable having a small average pore diameter, preferably
equal to or lower than 25 µm, still more preferable below 10 µm, and combined with low magnetic frequencies, preferably
from 70 kHz to 200 kHz.
[0062] The authors of the present invention have found that the magnetic heating efficiency after the thermal treatment is
similar for treatments with slow and quick cooling (step ii).
[0063] For a fixed magnetic field amplitude, in general, the heating efficiency increases with the frequency. However, it is
more convenient from the practical point of view to workat lower frequencies due to the possibility to use cheaper electronic
circuits. Moreover, higher magnetic fields can be obtained at lower frequencies using similar electric energy consumption,
and the magnetic heating efficiency drastically increases with the amplitude of the magnetic field.

- Ferromagnetism in the converted microporous stainless-steel filters -

[0064] As shown in Figure 8, the magnetization reversal loops of the four filters confirmed the conversion from
paramagnetic to ferromagnetic of the austenitic microporous stainless-steel filters.
[0065] Forsmall pores (5µm) and low frequencies (78 kHz) (first graph, left), the ellipsoidal magnetization reversal loops
with positive slope reflect the effect of the ferromagnetism in the treated filters (black circle), compared to the ellipse with
negative slope of the untreated samples (grey circle), which is sign of the Eddy currents and diamagnetic-like behavior
under alternating magnetic fields. The difference in amplitude of the loops is correlated with the higher heating efficiency in
the treated samples.
[0066] For high frequency (404 kHz), the difference in amplitude and internal area of the loops is smaller, thus confirming
that for large frequencies the magnetic heating process is dominated by Eddy currents.
[0067] In contrast, for large pores (60 µm), the magnetization reversal loops barely change, which explains the minimal
enhancement of the magnetic heating efficiency in this case.

- Effect of Magnetic induction heating efficiency on magnetic field amplitude -

[0068] As shown in Figure 9, the magnetic induction heating efficiency increases as long as the magnetic field amplitude
is increased.

- Effect of Optical Heating

[0069] As shown in Figure 10, the induced temperature change in the treated filter subjected to an optical heating is
increased compared with the untreated filter using a laser light beam with 917 nm wavelength and 15 W power.
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Examples

[0070] Hereinafter, the present invention is described in more detail and specifically with reference to the Examples and
Figures, which however are not intended to limit the present invention.

Example 1 Cleaning of microporous austenitic stainless-steel filters

[0071] 6 virgin (untreated) filters, commercially available (Amespore®) (Figure 1) of different average pore diameters of
5 µm, 10 µm, 25 µm, 40 µm, 60 µm and 80 µm were used for the assays.
[0072] The initial step was cleaning the filters in isopropanol for 5 minutes under ultra-sonication and dried with a
nitrogen flow.

Example 2 Chemical treatment of microporous austenitic stainless-steel filter

[0073] The cleaned filters of Example 1 were submitted to a chemical treatment by immersing the filters in a mixture of
HCl:HNO3 (1:1), then rinsed with isopropanol for 5 minutes and dried with a nitrogen flow.
[0074] Depending on the average pore diameter of each one of the filters (5 µm, 10 µm, 25 µm, 40 µm, 60 µm and 80
µm), the time (seconds) in the acid immersion was varied. The time in the acid mixture increases as the average pore
diameter is reduced. The filters were immersed for 45 seconds for the average pore diameter of 5 µm, 10 seconds for the
average pore diameter of 10 µm, and 5 seconds for the average pore diameters of 25 µm, 40 µm, 60 µm and 80 µm.
[0075] The chemical treatment removes the chromium and nickel oxide layers usually present in the stainless-steel
surface of the filters.
[0076] Example 3 Annealing treatment (step i) of microporous austenitic stainless-steel filter A tube furnace (Lindberg
Blue Mini-Mite™TF55030A‑1) was used for the high temperature treatment. The filters were introduced in a quartz tube.
[0077] The thermal annealing step i) was performed by heating the filters of the above average pore diameters (with the
ends of the tube uncapped) at a rate of 1 °C/s until an annealing temperature of 950°C was reached. The filters were then
kept at this annealing temperature for 1 hour.
[0078] Example4Cooling treatment (step ii) ofmicroporousannealed stainless-steel filterThe filters of Example 3 were
cooled down to room temperature.
[0079] The cooling of step ii) was carried out in two different ways.

-Slow cooling-

[0080] The first way of cooling down was done by removing the quartz tube from the furnace including the filters inside it
and allowing to cool it to room temperature, yielding dark blue filters of morphology shown in Figure 2.

-Quick cooling -

[0081] In the second way, the cooling down was carried out by removing the filters directly from the furnace and
immediately immersing them into an isopropanol bath at 25°C. This cooling showed that the filters turned a black color with
morphology shown in Figure 3 (a), (b).

Example 5 Surface composition of ferromagnetic microporous stainless-steel filter

[0082] The surface composition of the filters obtained in Example 4 (slow and quick cooling) were compared by SEM-
EDX. The results showed that the surface composition of the slowly cooled down filters became all iron oxides as shown in
Table 1, second column, below. The results also showed that the surface composition of the rapidly cooled down filters in
the isopropanol bath caused carbon incorporation into the surface composition as shown in Table 1, third column, below.

Table 1 - Comparison of surface composition using SEM-EDX

Austenitic (Fig.
Filter 1)

Ferromagnetic Filter, Slowly cooled (Fig.
2) (blue surface

Ferromagnetic Filter, Quickly cooled (Fig.
3) (black surface)

Mo= 2.5

Fe= 65
Si= 0.8
O= 1.4 Fe= 60

Ni= 11.4 O= 17
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(continued)

Austenitic (Fig.
Filter 1)

Ferromagnetic Filter, Slowly cooled (Fig.
2) (blue surface

Ferromagnetic Filter, Quickly cooled (Fig.
3) (black surface)

Cr= 16.1
O= 35

C=23
C= 5.3

Fe= 62.5

[0083] The blue filters obtained by slow cooling werehighly hydrophilic, whereas the black carbon coated filters obtained
by quick cooling were highly hydrophobic.

Claims

1. A method for magnetic conversion from paramagnetic to ferromagnetic of a microporous metal material, character-
ized in that the microporous metal material comprises a microporous austenitic stainless-steel material, and the
method comprises the steps of:

i) thermal annealing the microporous austenitic stainless-steel material as raw material, wherein thermal
annealing comprises heating the microporous austenitic stainless-steel material to an annealing temperature
comprised of between 500°C and 1,200°C, and maintaining the annealed microporous stainless-steel material at
the annealing temperature for a period, and then,
ii) cooling down the annealed microporous stainless-steel material to room temperature, wherein the cooling is
carried out by allowing the annealed microporous stainless-steel material to cool under room temperature, so the
annealed microporous stainless-steel material is slowly cooled, or alternatively cooling by immersing the
annealed microporous stainless-steel material in an organic solvent bath that is at room temperature, so the
annealed microporous stainless-steel material is quickly cooled.

2. Method of claim 1, wherein the microporous austenitic stainless-steel material as raw material includes an average
pore diameter equal to or lower than 80 µm.

3. Method of claim 2, wherein the average pore diameter is equal to or lower than 25 µm.

4. Method of claim 1, wherein in step i) the annealing temperature is between 850°C and 1,000°C, preferable from 940 to
960°C.

5. Method of claim 1, wherein the organic solvent is isopropanol.

6. Method of claim 1, wherein before thermal annealing of step i), the microporous austenitic stainless-steel material as
raw material is chemically treated in an acidic mixture comprising hydrochloride acid and nitric acid in a volume ratio
from 3:1 to 1:3.

7. Method of claim 6, wherein the acidic mixture is in an equimolar ratio 1:1.

8. Method of any one of previous claims, wherein the method further comprises an initial step of cleaning the
microporous austenitic stainless-steel material, wherein the cleaning includes immersing the microporous austenitic
stainless-steel material in an isopropanol bath under ultra-sonication and then drying with a nitrogen flow.

9. Method of any one of previous claims, wherein the material is a filter, sintered or not.

10. A ferromagnetic microporous stainless-steel material obtainable by the method defined in claims 1 to 9.

11. Ferromagnetic microporous stainless-steel material of claim 10, wherein being the cooling of step i) carried out by
allowing to cool under room temperature, the obtainable ferromagnetic microporous stainless-steel material is
hydrophilic.

12. Ferromagnetic microporous stainless-steel material according to claims 11, wherein the surface of the material is
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nanostructured and composed of iron oxides.

13. Ferromagnetic microporous stainless-steel material of claims 10, wherein being the cooling of step ii) carried out at by
immersing in an organic solvent bath that is at room temperature, the obtainable ferromagnetic microporous stainless-
steel material is hydrophobic.

14. Ferromagnetic microporous stainless-steel of claim 13, wherein the surface of the material is nanostructured and
composed of carbon.

15. Use of a ferromagnetic microporous stainless-steel material defined in claims 10 to 14 as a heat exchanger.
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