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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to an aluminium-
based coating applied to steel components, preferably
to chromium-molybdenum carbon, by means of Pack Ce-
mentation diffusion process to impart anti-corrosion
properties. The main intended application is that of bio-
mass boilers, but such a coated material can also be
applied in other fields where corrosion resistance plays
an important role.

BACKGROUND ART

[0002] Biomass (co)combustion causes degradation
phenomena in steel pipes normally applied in coal-fired
boilers (SA210 Type A1, SA213 Type T2, T11,T22, T91,
304H and 347H). This results in unplanned outages and
increased maintenance expenses in the power genera-
tion sector, which cost billions of dollars per year.
[0003] The most promising solutions to avoid these
phenomena include: changes in operating conditions,
use of advanced materials, use of integrated solutions.
Changes in operating conditions are a way to limit cor-
rosion risks, keeping boiler conditions well below those
used with clean coal fuels. The disadvantage is that they
limit the conversion efficiency. The second solution is the
use of advanced materials for boilers, even other than
steel. The use of such materials implies a radical change
in the field (the boilers currently in use should all be re-
placed to implement new boilers with these new materi-
als); these are expensive materials; their use requires an
international approval process of long duration (due to
the strict need for certification of the new materials for
the relative application). The third solution is the applica-
tion of protective coatings on the steel components of
existing boilers. This integrated solution ensures an effi-
cient, economical and workable application in the short
term (since the basic materials have already known per-
formance). Diffusive coatings are the most suitable for
protecting steel components.

[0004] Diffusive processes are thermochemical treat-
ments which enrich a surface layer of the substrate with
an element (or a combination of elements) capable of
forming a protective layer. A great advantage of diffusion
coating treatments is that they are low cost and have
easy handling methods, potentially applicable on an in-
dustrial scale. The coating process involves exposure to
high temperatures. Since the temperature of the heat
treatment rarely exceeds 1 100°C, which can be per-
formed in traditional furnaces, the equipment and coating
plants do not require large capital investments. Diffusion
coatings can be obtained with different methods, such
as Pack Cementation and Chemical Vapour Deposition
(CVD), but the basic process consists of the same three
main steps:
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e generating vapours (e.g., vapours containing Al, Cr,
Si, B);

e transporting the vapours on the surface of the com-
ponent to be coated,;

e reacting the vapours with the substrate alloy, fol-
lowed by associated diffusion processes within the
alloy.

[0005] Diffusion coatings have a well-established and
successful history in coating metal parts. Aluminium-
based diffusive coatings are among the most promising
and offer good resistance to exposure to high tempera-
tures.

[0006] The properties of the diffusive coatings depend
largely on the microstructure and chemical composition
of the substrate steel. Therefore, no coating can exist
which provides the same performance for all types of
steel. Instead, optimal integrated coating/substrate sys-
tems must be developed.

[0007] Among the differentboiler steels, Cr-Mo Carbon
steels and in particular grade K11562 (13CrMo4-5,
1.7335) and K21590 10CrMo09-10 (1.7380) [standard
ASTM A213 and DIN EN10216-2] were chosen to be
tested. This material is commonly used in boilers. The
Cr-Mo steelfamily (i.e., 12Cr1MoV, 15Mo3, 9CrMo3, and
10CrMo09-10) readily corrodes under high-temperature
oxidizing conditions. Therefore, the coating of these sub-
strates is of utmost importance if they are to be used in
such environments.

[0008] Regarding the state of the patent art, for exam-
ple, US3948687 discloses mixtures based on chromic
acid and phosphoric acid for obtaining coatings which
increase the resistance of steels to particular atmospher-
ic conditions; however, this document does not concern
anti-corrosion applications. Furthermore, EP0946784
discloses a method for obtaining diffusive coatings ob-
tained from packs comprising chromium and ferro-
chrome in combination with ammonium halide and alu-
minium oxide. In this case, aluminium is used as an oxide,
as an inert filler in the composition of the pack.

[0009] The literature lacks a diffusive anti-corrosion
aluminium coating on carbon steels, in particular Cr/Mo
carbon, such as K11562 (13CrMo4-5, 1.7335), which are
used in applications such as boilers. Therefore, the object
of the presentinvention is to eliminate or at least reduce
the problems related to the prior art by providing a mixture
adapted to obtain an anti-corrosion aluminium diffusion
coating and a process for producing said coating on the
surface of a steel substrate.

SUMMARY OF THE INVENTION

[0010] An object of the invention is therefore a corro-
sion-resistant diffusion coating for steel elements, char-
acterized in that said diffusion coating is obtained from

a pulverized mixture comprising:

- a metal alloy of Chromium and Aluminium;
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- an activator salt, preferably selected from NH,CI,
NH,4F, in percentage by weight comprised between
0.001-5% with respect to the percentage content of
Al in said alloy; and

- optionally a further activator salt ZrF, in percentage
by weight comprised between 0.001-5% with respect
to the percentage content of Al in said alloy;

and wherein said mixture comprises between 90-99% of
metal alloy.

[0011] Preferably in said pulverized mixture the metal
alloy of Chromium and Aluminium contains 65-75% by
weight of Cr and 25-35% by weight of Al, preferably said
alloy is a Cr 70% and Al 30% alloy.

[0012] Preferably in said pulverized mixture the con-
tent of each activator salt in the mixture is comprised
between 0.001-0.30% with respect to the percentage
content of Aluminium in the alloy, preferably the content
of activator salt in said pulverized mixture is about
0.003% with respect to the percentage content of Alu-
minium in the alloy; preferably the total content of acti-
vator salt in said pulverized mixture is comprised be-
tween 0.001-0.30% with respect to the percentage con-
tent of Aluminium in the alloy, preferably the total content
of activator salt in said pulverized mixture is about
0.003% with respect to the percentage content of Alu-
minium in the alloy.

[0013] Preferably, in the mixture the Chromium and
Aluminium metal alloy has a particle size comprised be-
tween -10 +4 mm and the activator salt has a particle
size comprised between -1 +0.25 mm.

[0014] Preferably the diffusion coating object of the in-
vention is obtained from the pulverized mixture as de-
fined above, where said mixture, prior to diffusion, is dried
at a temperature comprised between 50°C and 100°C
for times comprised between 1 h and 2 h.

[0015] Preferably, the diffusion coating object of the
invention has a thickness comprised between 40 um and
300 pm.

[0016] A further object of the invention is the diffusion
process to obtain a diffusion coating on steel elements
where said steel elements are placed inside a reactor
and reacted with the mixture as defined above and
wherein said process sequentially comprises the follow-
ing steps:

a) heating step until reaching the final temperature
comprised between 900-1100°C, preferably be-
tween 900-1010°C, by

= heating ramp comprised between 400-550
°C/h, preferably between 420-500 °C/h; and

= under inert gas flow, preferably Argon or Ni-
trogen flow, comprised between 0.2-0.3 NI/min,
preferably 0.25 NI/min;

b) maintenance step where the final temperature
reached in step a) is maintained for a time interval

10

15

20

25

30

35

40

45

50

55

comprised between 2 - 10 h, preferably between 2-8
h, preferably for 6 h, and under inert gas flow, pref-
erably Argon or Nitrogen flow, comprised between
0.2-0.3 NI/min, preferably 0.25 NI/min;

c) cooling step until reaching room temperature, by

= cooling ramp comprised between 200-700
°C/h, preferably between 250-600 °C/h; and

= under inert gas flow, preferably Argon or Ni-
trogen flow, comprised between 4-6 NI/min,
preferably 5 NI/min.

[0017] Optionally said diffusion process further com-
prises a heattreatment step in which the diffusion-coated
steel element obtained at the end of step c) is heat-treat-
ed in an inert atmosphere in a temperature range com-
prised between 650-750°C and a time range comprised
between 0.5-3 h.

[0018] Optionally said process comprises, before step
a), a step of drying the mixture at a temperature com-
prised between 50°C and 100°C for times comprised be-
tween 1 h and 2 h; preferably the mixture is dried at a
temperature of 80°C for times of 1.5 h.

[0019] In a preferred embodiment, the diffusion proc-
ess is carried out at a pressure comprised between 1020
mbar and 1060 mbar.

[0020] Preferably, the mixture has a particle size for
the chromium/aluminium alloy of 2 mm and for the acti-
vator salt a particle size of 0.20 mm, the diffusion process
is carried out at a pressure of 1040 mbar.

[0021] Preferably the steel elements are placed inside
the reactor above the mixture, preferably said steel ele-
ments are carbon steel elements, preferably Chromium-
Molybdenum carbon. Preferably, said diffusion coating
has a thickness comprised between 40 pm and 300 um.
[0022] A further object of the invention is a steel ele-
ment comprising the diffusion coating object of the inven-
tion, preferably said steel element is selected from Chro-
mium-Molybdenum Carbon steels.

[0023] A further object of the invention is the use of the
diffusion coating disclosed above or obtained by the dif-
fusion process disclosed above or the use of the steel
element comprising the diffusion coating object of the
invention in biomass boilers.

[0024] A further object of the invention relates is a mix-
ture comprising:

- a pulverized Chromium and Aluminium metal alloy,
preferably containing 65-75% by weight of Cr and
25-35% by weight of Al, preferably said alloy is a Cr
70% Al 30% alloy;

- an activator salt, preferably selected from NH,CI,
NH,4F, in percentage by weight comprised between
0.001-5%, preferably between 0.001-0.30% with re-
spect to the percentage content of Al in said alloy,
and

- optionally a further activator salt ZrF, in percentage
by weight comprised between 0.001-5% with respect
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to the percentage content of Al in said alloy.

and wherein said mixture comprises between 90-99% of
metal alloy.
[0025] Preferably said mixture comprises:

- a pulverized Chromium and Aluminium metal alloy
containing 65-75% by weight of Cr and 25-35% by
weight of Al, preferably said alloy is a Cr 70% Al 30%
alloy;

- an activator salt selected from NH,CI, NH4F, in per-
centage by weight comprised between 0.001-0.30%
with respect to the percentage content of Al in said
alloy, and

- optionally a further activator salt ZrF, in percentage
by weight comprised between 0.001-5% with respect
to the percentage content of Al in said alloy, and
wherein said mixture comprises between 90-99% of
metal alloy.

[0026] Preferably the coating object of the invention is
used for carbon steel elements, preferably Carbon Cr-
Mo and in particular grade K11562 (13CrMo4-5, 1.7335)
and K21590 10CrMo9-10 (1.7380) [standard ASTM
A213 and DIN EN10216-2].

[0027] These and other aspects of the present inven-
tion will become more apparent by reading the following
description of some preferred embodiments disclosed,
and in consideration of the following figures:

Figure 1. Optical microscope analysis (after chem-
ical attack with Nital ASTM E407) of: (left) Example
1; (right) Example 6.

Figure 2. Optical microscope analysis (after chem-
ical attack with Nital ASTM E407) of: (left) Example
6 before exposure; (centre) Example 6 after expo-
sure to corrosive environment; (right) K11562
(13CrMo4-5, 1.7335) after exposure to corrosive en-
vironment. Marker 2500 pm.

Figure 3. SEM-EDS analysis after exposure to the
corrosive environment of Example 6.

Figure 4. Optical microscope analysis (after chem-
ical attack with Nital) of Example 7: (left) before and
(right) after post-deposition heat treatment.

Figure 5. Optical microscope analysis of Example 8
at various magnifications.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention provides an anti-corro-
sion coating on metallic materials in accordance with the
claims. The present invention relates to an aluminium
diffusion coating obtained by means of a pack cementing
process having the following parameters:

e asource of aluminium, e.g., Cr(70)AI(30) alloy pellet;
e an activator, e.g., NH4C, NH4F in the range
0.001-5% by weight with respect to the nominal Al
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content, preferably about 0.003% by weight (thus in
the case of Cr(70)AI(30) pellets about 0.001% by
weight with respect to the alloy), a possible further
activator salt containing ZrF 4 in a percentage by
weight comprised between 0.001-5% with respect
to the percentage of Al content in said alloy;

¢ inert atmosphere (nitrogen or argon);

* heating ramp speed in the range 400-600 °C/h, pref-
erably 500 °C/h;

e stasis temperature comprised between 850 and
1050°C, preferably 950°C;

e stasis temperature time comprised between 2 and
10 h, preferably 6 h;

e cooling ramp rate in the range 200-800 °C/h, prefer-
ably 600 °C/h;

e apossible post-deposition heat treatment in an inert
environment with stasis temperature comprised be-
tween 650-750 °C, preferably 700 °C, and a time
interval between 0.5-3 h, preferably 2 h.

[0029] Inthe pack cementation procedure, the surface
of the components to be treated is first cleaned to remove
oxides and contaminants. The areas of the component
to be protected from the deposition process are suitably
masked. The components are then placed in a mixture
(pack) placed inside a reactor, sealed or semi-sealed,
consisting of an aluminium source such as a Cr and Al
alloy, and an activator salt, and any salt containing a re-
active element (e.g., ZrF,). The reactor is then placed
inside a furnace and heated under an inert atmosphere.
In the above-the-pack mode, the components to be coat-
ed are positioned above the mixture inside a reactor. The
vapours generated inside the pack reach both the exter-
nal and internal surfaces of the components to be coated,
managing to coat the internal passages as well.

[0030] The term mixture or pack, as used herein indif-
ferently, refers to a composition comprising at least the
aluminium source and the activator salt, according to the
invention.

[0031] In the examples reported herein, the mixture
used was, prior to diffusion, dried at a temperature of
about 80°C for times of about 1.5 h. Furthermore, the
mixture has a particle size for the chromium/aluminium
alloy of 7 mm and for the activator salt an average particle
size of 0.50 mm. Preferably in the diffusion process the
pressure varies over time and on average the process is
carried out at a pressure of 1050 mbar.

[0032] Now, the presentinvention will be disclosed by
means of the following non-limiting examples

EXAMPLES
Example 1.

[0033] A pack consisting of 1,000.00 g of Cr(70)AI(30)
alloy pellets and 1.00 g (0.0033% by weight with respect
to aluminium; 0.001% by weight with respect to alloy) of
NH4F was placed in a semi-sealed container, in Inconel,
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with diameter 200 mm and height 35 mm (volume about
1.1 litres). An Inconel grid is positioned above the pack
and the steel specimens K11562 (13CrMo4-5, 1.7335)
were positioned on this grid in the above-the-pack mode.
The container was then covered and placed inside the
Pack Cementation apparatus, where it was brought to a
temperature of 950 °C with a ramp-up of 500 °C/h and
with a flow of Ar 0.25 NI/min. The system was maintained
at 950°C and with the same argon flow for 6 h. After that,
the system was cooled to room temperature with a ramp-
down of 600 °C/h and with flow of Ar 5.0 NI/min. The
obtained coating has an average thickness of 85 um.

Example 2.

[0034] A pack consisting of 1,000.00 g of Cr(70)Al(30)
alloy pellets and 1.00 g of NH,CI (0.0033% by weight
with respect to aluminium; 0.001% by weight with respect
to alloy) was placed in a semi-sealed container, in In-
conel, with diameter 200 mm and height 35 mm (volume
about 1.1 litres). An Inconel grid is positioned above the
pack and the steel specimens K11562 (13CrMo4-5,
1.7335) were positioned on this grid in the above-the-
pack mode. The container was then covered and placed
inside the Pack Cementation apparatus, where it was
brought to a temperature of 904 °C with a ramp-up of 500
°C/h and with a flow of N, 0.25 NI/min. The system was
maintained at 904°C and with the same argon flow for 3
h. After that, the system was cooled to room temperature
with a ramp-down of 600 °C/h and with flow of N, 5.0
NI/min. The obtained coating has an average thickness
of 70 pm.

Example 3.

[0035] A pack consisting of 1,000.00 g of Cr(70)Al(30)
alloy pellets and 1.00 g of NH4F (0.0033% by weight with
respect to aluminium; 0.001% by weight with respect to
alloy) was placed in a semi-sealed container, in Inconel,
with diameter 200 mm and height 35 mm (volume about
1.1 litres). An Inconel grid is positioned above the pack
and the steel specimens K11562 (13CrMo4-5, 1.7335)
were positioned on this grid in the above-the-pack mode.
The container was then covered and placed inside the
Pack Cementation apparatus, where it was brought to a
temperature of 904 °C with a ramp-up of 500 °C/h and
with a flow of Ar 0.25 NI/min. The system was maintained
at 904°C and with the same argon flow for 8 h. After that,
the system was cooled to room temperature with a ramp-
down of 600 °C/h and with flow of Ar 5.0 NI/min. The
obtained coating has an average thickness of 95 pm.

Example 4.

[0036] A pack consisting of 1,000.00 g of Cr(70)Al(30)
alloy pellets and 1.00 g of NH4F (0.0033% by weight with
respect to aluminium; 0.001% by weight with respect to
alloy) was placed in a semi-sealed container, in Inconel,
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with diameter 200 mm and height 35 mm (volume about
1.1 litres). An Inconel grid is positioned above the pack
and the steel specimens K11562 (13CrMo4-5, 1.7335)
were positioned on this grid in the above-the-pack mode.
The container was then covered and placed inside the
Pack Cementation apparatus, where it was brought to a
temperature of 1009 °C with a ramp-up of 500 °C/h and
with a flow of N, 0.25 NI/min. The system was maintained
at 1009°C and with the same argon flow for 3 h. After
that, the system was cooled to room temperature with a
ramp-down of 600 °C/h and with flow of N, 5.0 NI/min.
The obtained coating has an average thickness of 210
pm.

Example 5

[0037] A pack consisting of 1,000.00 g of Cr(70)AI(30)
alloy pellets and 1.00 g of NH4F (0.0033% by weight with
respect to aluminium; 0.001% by weight with respect to
alloy) was placed in a semi-sealed container, in Inconel,
with diameter 200 mm and height 35 mm (volume about
1.1 litres). An Inconel grid is positioned above the pack
and the steel specimens K11562 (13CrMo4-5, 1.7335)
were positioned on this grid in the above-the-pack mode.
The container was then covered and placed inside the
Pack Cementation apparatus, where it was brought to a
temperature of 1009 °C with a ramp-up of 500 °C/h and
with a flow of N, 0.25 NI/min. The system was maintained
at 1009°C and with the same argon flow for 8 h. After
that, the system was cooled to room temperature with a
ramp-down of 600 °C/h and with flow of N, 5.0 NI/min.
The obtained coating has an average thickness of 250
pm. Figure 2 and Figure 3 show how the presence of
the coating protects the degradation of the steel in a cor-
rosive environment. After exposure, the diffusive alumin-
ium-based coating remained intact and protected the
steel.

Example 6

[0038] A pack consisting of 1,000.00 g of Cr(70)AI(30)
alloy pellets and 1.00 g of NH4F (0.0033% by weight with
respect to aluminium; 0.001% by weight with respect to
alloy) was placed in a semi-sealed container, in Inconel,
with diameter 200 mm and height 35 mm (volume about
1.1 litres). An Inconel grid is positioned above the pack
and the steel specimens K11562 (13CrMo4-5, 1.7335)
were positioned on this grid in the above-the-pack mode.
The container was then covered and placed inside the
Pack Cementation apparatus, where it was brought to a
temperature of 950 °C with a ramp-up of 420 °C/h and
with a flow of N, 0.25 NI/min. The system was maintained
at 950°C and with the same argon flow for 6 h. After that,
the system was cooled to room temperature with a ramp-
down of 250 °C/h and with N, flow 5.0 NI/min. The ob-
tained coating has an average thickness of 165 pum.
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Example 7

[0039] A pack consisting of 1,000.00 g of Cr(70)Al(30)
alloy pellets and 1.00 g of NH4F (0.0033% by weight with
respect to aluminium; 0.001% by weight with respect to
alloy) was placed in a semi-sealed container, in Inconel,
with diameter 200 mm and height 35 mm (volume about
1.1 litres). An Inconel grid is positioned above the pack
and the steel specimens K21590 10CrMo09-10 (1.7380)
were positioned on this grid in the above-the-pack mode.
The container was then covered and placed inside the
Pack Cementation apparatus, where it was brought to a
temperature of 950 °C with a ramp-up of 420 °C/h and
with a flow of N, 0.25 NI/min. The system was maintained
at 950°C and with the same argon flow for 6 h. After that,
the system was cooled to room temperature with a ramp-
down of 250 °C/h and with flow of N, 5.0 NI/min. Finally,
the system was subjected to a post-deposition heat treat-
ment in an inert environment at 700 °C for 2 h. The ob-
tained coating has an average thickness of 90 um. Fig-
ure 4 illustrates the further positive effect on the micro-
structure of this coating after post-deposition heat treat-
ment.

Example 8

[0040] A pack consisting of 1,000.00 g of Cr(70)AIl(30)
alloy pellets, 1.00 g of NH4F (0.0033% by weight with
respect to the aluminium; 0.001% by weight with respect
to the alloy) and 1.64 g of ZrF, (0.0055% by weight with
respectto the aluminium; 0.0016% by weight with respect
to the alloy) was placed in a semi-sealed container, in
Inconel, with a diameter of 200 mm and a height of 35
mm (volume of about 1.1 litres). An Inconel grid is posi-
tioned above the pack and the steel specimens K21590
10CrMo09-10 (1.7380) were positioned on this grid in the
above-the-pack mode. The container was then covered
and placed inside the Pack Cementation apparatus,
where it was brought to a temperature of 1009 °C with a
ramp-up of 500 °C/h and with a flow of N, 0.25 NI/min.
The system was maintained at 1009°C and with the same
argon flow for 3 h. After that, the system was cooled to
room temperature with aramp-down of 600 °C/h and with
flow of N, 5.0 NI/min. Finally, the system was subjected
to a post-deposition heat treatment in an inert environ-
ment at 700 °C for 2 h. The obtained coating has an
average thickness of 95 um. Figure 5 shows the positive
features of this coating obtained in the presence of acti-
vator salt with Zr inside the pack.

[0041] Figure 1 compares Example 1 with Example 6,
the main difference of which is the temperature ramp
(500 °C/h up and 600 °C/h down for Example 1; 420 °C/h
up and 250 °C/h down for Example 6), which therefore
shows how the final thickness of the coating is influenced
by the temperature ramp: a faster ramp (as in the case
of Example 1) leads to a coating of thickness 85 um; a
slower ramp (as in the case of Example 6) leads to a
coating of thickness 165 pm.
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[0042] Figure 2 and Figure 3 show images of samples
after exposure in a corrosive environment (consisting of
CO,, SO,, 0y, H,0, HCI, Ny), attemperatures above 500
°C for about 800 h.

[0043] In particular, Figure 2 compares three samples,
a coated sample before the exposure (on the left); the
same coated sample after the exposure (in the middle)
and a coated uncoated sample (on the right) after such
exposure: it can be noticed how the uncoated sample is
very degraded as a result of corrosion, while the coated
sample maintains its original shape and it is possible to
see a layer of coating surrounding the entire section. Fig-
ure 3 shows an enlargement of this last section of the
coated sample, showing how the thickness of the alu-
minized sample remains intact, adhered and uniform.
The absence of cracks or corrosion points is also further
evidence that the underlying steel has been preserved
from corrosion phenomena. The SEM-EDS analysis
shows that the aluminized layer is still active and has an
aluminium concentration such as to allow it to be used
foralongtime under the same corrosion conditions (while
the uncoated sample is already sufficiently degraded to
be considered for replacement). In conclusion, the pres-
ence of the coating protects the degradation of the steel
in a corrosive environment.

[0044] Figure 4 illustrates the effect of the post-depo-
sition heat treatment on the microstructure.

[0045] Figure 5 shows the coating in the presence of
activator salt with Zr inside the pack.

[0046] Furthermore, during the course of the present
invention the samples were exposed to a corrosive en-
vironment (consisting, for example, of CO,, SO,, O,,
H,0, HCI, N,), at temperatures above 500 °C.

Claims

1. Corrosion-resistant diffusion coating for steel ele-
ments, characterized in that said diffusion coating
is obtained from a pulverized mixture comprising:

- a Cr and Al metal alloy containing 65-75% by
weight Cr and 25-35% by weight Al;

- an activator salt selected from NH,CI and
NH4F, in a percentage by weight comprised be-
tween 0.001-0.30% with respect to the percent-
age content of Al in said alloy; and

- optionally a further activator salt ZrF, in per-
centage by weight comprised between
0.001-5% with respect to the percentage con-
tent of Al in said alloy;

and wherein said mixture comprises between
90-99% of metal alloy.

2. Corrosion-resistant diffusion coating according to
claim 1, wherein said metal alloy is a Cr 70% and Al
30% alloy.
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Corrosion-resistant diffusion coating according to
any one of the preceding claims, wherein the activa-
tor salt content in the mixture is about 0.003% of the
percentage Al content in the alloy.

Corrosion-resistant diffusion coating according to
any one of the preceding claims, wherein in the mix-
ture the metal alloy of Cr and Al has a particle size
comprised between -10 +4 mm and the activator salt
has a particle size comprised between -1 +0.25 mm.

Corrosion-resistant diffusion coating according to
any one of the preceding claims, wherein prior to
diffusion, the mixture is dried at a temperature com-
prised between 50°C and 100°C for times comprised
between 1 hand 2 h.

Corrosion-resistant diffusion coating according to
any one of the preceding claims, having a thickness
comprised between 40 pm and 300 pm.

Process for obtaining a diffusion coating on steel el-
ements, wherein said steel elements are placed in-
side areactor and reacted with the mixture according
to any one of claims 1 to 4, optionally dried at a tem-
perature comprised between 50°C and 100°C for
times between 1 hand 2 h, and wherein said process
sequentially comprises the following steps:

a) heating step until reaching the final tempera-
ture comprised between 900-1100°C, prefera-
bly between 900-1010°C, by

= heating ramp comprised between
400-550 °C/h, preferably between 420-500
°C/h; and

= under inert gas flow, preferably Argon or
Nitrogen flow, comprised between 0.2-0.3
NI/min, preferably 0.25 NI/min;

b) maintenance step where the final tempera-
ture reached in step a) is maintained for a time
interval comprised between 2 - 10 h, preferably
between 2-8 h, preferably for 6 h, and underinert
gas flow, preferably Argon or Nitrogen flow,
comprised between 0.2-0.3 NI/min, preferably
0.25 NI/min;

c) cooling step until reaching room temperature,
by

= cooling ramp comprised between
200-700 °C/h, preferably between 250-600
°C/h; and

= under inert gas flow, preferably Argon or
Nitrogen flow, comprised between 4-6
NI/min, preferably 5 NI/min; and optionally

d) a heat treatment step in which the diffusion-
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10.

1.

12.

13.

14.

coated steel element obtained at the end of step
c) is heat-treated in an inert atmosphere in a
temperature range comprised between
650-750°C and a time range comprised be-
tween 0.5-3 h.

Process according to claim 7, wherein the diffusion
process is carried out at a pressure comprised be-
tween 1020 mbar and 1060 mbar.

Process according to claim 7 or 8, wherein the steel
elements are placed inside the reactor above the
mixture according to any one of claims 1 to 4, pref-
erably said steel elements are carbon steel ele-
ments, preferably Chromium-Molybdenum carbon.

Process according to claims 7 to 9, wherein said dif-
fusion coating has a thickness comprised between
40 pm and 300 pm.

Steel element comprising the coating according to
anyone of claims 1to 6, preferably said steel element
is selected from Chromium-Molybdenum Carbon
steels.

Use of the diffusion coating according to any one of
claims 1 to 6 or obtained by the process according
toany one of claims 7 to 10 oruse of the steel element
according to claim 11 in biomass boilers.

Mixture comprising:

- a pulverized Chromium and Aluminium metal
alloy, preferably containing 65-75% by weight
of Cr and 25-35% by weight of Al, preferably
said alloy is a Cr 70% Al 30% alloy;

- an activator salt, preferably selected from
NH4CI, NH4F, in percentage by weight com-
prised between 0.001-5%, preferably between
0.001-0.30% with respect to the percentage
content of Al in said alloy, and

- optionally a further activator salt ZrF, in per-
centage by weight comprised between
0.001-5% with respect to the percentage con-
tent of Al in said alloy, and wherein said mixture
comprises between 90-99% of metal alloy.

The mixture according to claim 13 comprising:

- a pulverized Chromium and Aluminium metal
alloy containing 65-75% by weight of Cr and
25-35% by weight of Al, preferably said alloy is
a Cr70% Al 30% alloy;

- an activator salt selected from NH,CI, NH4F,
in percentage by weight comprised between
0.001-0.30% with respect to the percentage
content of Al in said alloy, and

- optionally a further activator salt ZrF, in per-
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centage by weight comprised between
0.001-5% with respect to the percentage con-
tent of Al in said alloy, and wherein said mixture
comprises between 90-99% of metal alloy.
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