EP 4 682 290 A1

(1 9) Européisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 4 682 290 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
21.01.2026 Bulletin 2026/04

(21) Application number: 25189457.2

(22) Date of filing: 14.07.2025

(51) International Patent Classification (IPC):
C23C 8/02(2006.07) C23C 8/26 (2006.01)
C23C 8/32(2006.01) C23C 8/80(2006.01)

(52) Cooperative Patent Classification (CPC):

C23C 8/26; C23C 8/02; C23C 8/32; C23C 8/80

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILT LU LV MC ME MK MT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

GE KH LA MA MD TN

(30) Priority: 15.07.2024 PL 44923024

(71) Applicants:
» Seco/Warwick S.A.
66-200 Swiebodzin (PL)
» Zachodniopomorski Uniwersytet
Technologiczny w
Szczecinie
70-310 Szczecin (PL)

(72) Inventors:

¢ Baranowska, Jolanta
72-002 Do uje (PL)

¢ Kochmanski, Pawel
72-003 Dobra (PL)

* Dlugozima, Marcin
66-100 Sulechow (PL)

¢ Piechowicz, Lukasz
66-200 Swiebodzin (PL)

(74) Representative: Gornicki, Pawel

Biuro Ochrony Wlasnosci Intelektualnej
Patent-Service

ul. Rybojadzka 16

60-443 Poznan (PL)

(54) METHOD FOR DIFFUSION TREATMENT OF CORROSION-RESISTANT STEEL

(57)  Theinvention is a method for the diffusion treat-
ment of corrosion-resistant steel by nitriding or nitrocar-
burizing, which involves loading a workpiece into a treat-
ment furnace, introducing a treatment atmosphere, heat-
ing the atmosphere to the process temperature, and
introducing an activator, wherein the nitriding treatment
atmosphere contains ammonia as a nitrogen donor, and
the treatment nitrocarburizing atmosphere contains am-
monia and carbon monoxide and/or carbon dioxide as a

carbon donor. The method is characterised in that an
activator - an alcohol or a mixture of alcohol and water in
gaseous or liquid form - is first introduced into the treat-
ment atmosphere when it reaches the target tempera-
ture, and is then supplied cyclically throughout the dura-
tion of the nitriding or nitrocarburizing process, with the
alcohol concentration being at least 5% by volume and
the amount of activator supplied being at least 10 ml per
diffusion process.
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EP 4 682 290 A1
Description

[0001] The invention relates to a method for the diffusion treatment of corrosion-resistant steel. A passive chromium
oxide layer naturally forms on the surface of objects made from corrosion-resistant chromium steel. While the passive layer
protects against corrosion, it also inhibits the diffusion of elements like carbon or nitrogen into the steel during gas diffusion
treatments (e.g., nitriding, carburizing, or nitrocarburizing) and this inhibition prevents the desired improvement of the
mechanical properties of the workpiece surface. Consequently, the surface of the corrosion-resistant steel workpiece must
be activated before the diffusion treatment can proceed effectively.

[0002] Many methods exist for activating the surface of corrosion-resistant steel prior to diffusion treatment. One
common approach involves chemical processes where a chemical compound is introduced into the processing space and
this compound directly or indirectly removes the passive oxide layer from the workpiece surface.

[0003] Patent TWI548778B discloses a method for activating the surface of corrosion-resistant steels by placing the
steel in a heating furnace, where the temperature is maintained between 450 and 650°C, and heating it for 5 to 10 minutes
in an atmosphere containing water vapour and hydrochloric acid vapour to remove the passivation layer. Subsequent to
this treatment, the stainless steel is subjected to a low-temperature carburizing or nitriding process.

[0004] Patent EP4249625A1 discloses a method for the diffusion treatment of a high-alloy steel workpiece, which
involves loading the workpiece into a treatment furnace, introducing an activation gas composed of gaseous ammonia and
a liquid organic solvent (such as formamide, xylene, or toluene), and then heating it to a temperature of 400°C to 500°C; a
nitriding or carbonitriding gas is then introduced, and the workpiece is heated to another temperature at which the nitriding
or carbonitriding process is carried out. While the activation gas is being introduced into the furnace, the liquid organic
solvent is added periodically. It is introduced in portions of 10 ml to 80 ml at a uniform rate for 1 second to 2 minutes, with
intervals of at least 10 minutes between each portion.

[0005] Patent KR20120124941A discloses a method of diffusion nitriding wherein, in a first step after loading a steel
workpiece into a heat treatment furnace, the chamber’s atmosphere is purged at room temperature with gaseous
ammonia (NH;) to remove oxygen and establish an ammonia atmosphere; in a subsequent step, the furnace chamber’s
temperature is raised to 200-500°C, and then while this temperature is maintained, carbon tetrachloride (CCl,) or
tetrachloroethylene (C,Cl,)is injected into the chamber to remove the passive layer on the workpiece, after which diffusion
nitriding is carried out on the workpiece surface in an ammonia gas (NH3) atmosphere. The substances used in this
method, carbon tetrachloride and tetrachloroethylene, are classified as hazardous to both the environment and human
health.

[0006] Patent description WO2005068679A1 discloses a method for activating the surface of a high-alloy steel
workpiece before a diffusion treatment like gas nitriding or gas carburizing, which comprises introducing into a furnace
a carbon donor gas containing at least one compound selected from acetylene, ethylene, propane, butane, and carbon
monoxide, and ammonia as a nitrogen-containing gas, and heating the component to at least 300°C. In the presence of a
metal catalystin the furnace, hydrogen cyanide (HCN) is formed, which acts on the passive surface of the workpiece. Ata
hydrogen cyanide concentration of 100 mg/m3, the surface of the workpiece is activated. Following this activation, a
diffusion treatment is performed at a temperature of 550°C, which causes the precipitation of nitrides or carbides.
[0007] The method disclosed in patent document WO2006136166 involves the use of unsaturated hydrocarbons or
halogenated hydrocarbons during the nitriding and carburizing of corrosion-resistant steels.

[0008] Patent EP0588458B1 discloses a method for nitriding austenitic steel that comprises heating the steel in a gas
atmosphere containing fluorine or fluorides to activate its surface, followed by subjecting the activated steel to a nitriding
atmosphere at a temperature below 450°C to form a nitrided layer. In this two-step process, the passive layer of the
stainless steel surface is converted into a fluorine-containing surface layer that is permeable to nitrogen atoms in the
subsequent nitriding step. However, using halogen- or halide-containing gases for activation is a challenging method to
apply. Such an atmosphere is known to be aggressive towards the interior of process equipment and can lead to severe
pitting of the furnace, fittings, and other components.

[0009] PatentJPH10219418A describes a method for activating the surface of corrosion-resistant steel using acetone.
First, a high-chromium alloy steel is placed in a nitriding furnace and heated in an ammonia gas atmosphere. Once the
steel reaches the target nitriding temperature, acetone and hydrogen gas (as a carrier gas) are introduced into the furnace.
The thermal decomposition of the acetone on the steel's surface forms highly active carbon monoxide and reducing
radicals. This process degrades the passive layer on the high-chromium steel, which facilitates subsequent nitriding with
the ammonia gas.

[0010] Patent EP0812929A1 discloses a method for the gas nitriding or carbonitriding of an alloy steel workpiece,
specifically corrosion-resistant steel with a chromium content exceeding 13%, within an ammonia-containing atmosphere.
Prior to nitriding or carbonitriding, the workpiece undergoes pre-carburization. This involves introducing a dissociable
carbon source, typically an alcohol and preferably methanol, into a furnace heated to a temperature of 500°C to 600°C. The
pre-carburizing atmosphere is maintained with a methanol-to-nitrogen-containing gas ratio of approximately 1:1, where
the nitrogen-containing gas is preferably ammonia.
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[0011] The aim of the invention was to develop a method for activating the surface of corrosion-resistant steel subjected
to gas diffusion treatment, with the method being effective and simple to implement while not requiring additional
operations, such as protecting cleaned surfaces against re-passivation, the use of extra devices, or being harmful to
the environment. The solution according to the invention is designed to eliminate the need to neutralize toxic gases for
steel surface activation, while also being free from the tendency to form deposits in the furnace and ensuring minimal wear
of the heating chamber’s surface and its equipment.

[0012] The method of diffusion treatment of corrosion-resistant steel by nitriding or nitrocarburizing comprises a step of
loading the treated workpiece into a treatment furnace, a step of introducing a treatment atmosphere, a step of heating the
treatment atmosphere to a temperature at which the nitriding or gas nitrocarburizing process is carried out, and a step of
introducing an activator to the surface of the treated workpiece, wherein the treatment atmosphere for gas nitriding
contains ammonia as a nitrogen donor, while the treatment atmosphere for gas nitrocarburizing contains ammonia as a
nitrogen donor and carbon monoxide and/or carbon dioxide being a carbon donor, characterised in that the activator such
as alcohol or a mixture of alcohol with water in gaseous or liquid form is introduced into the treatment atmosphere for the
first time when the treatment atmosphere reaches the target temperature for the process being conducted, and then
cyclically throughout the duration of the nitriding or gas nitrocarburizing process, wherein the alcohol concentration is not
less than 5% by volume, and the amount of the activator supplied is not less than 10 ml per one diffusion treatment process.
[0013] Preferably, the diffusion treatmentis carried out at a temperature of atleast 450°C for a duration of atleast 1 hour.
[0014] The activator is preferably dosed into the treatment atmosphere at a temperature of at least 300°C.

[0015] Furthermore, the nitrogen potential (Kn) of the treatment atmosphere during the diffusion treatment is preferably
in the range of 0.1 to 15 atm™1/2,

[0016] Preferably, the carbon potential Cp of the treatment atmosphere in the nitrocarburizing process is notgreater than
2%.

[0017] The method of diffusion treatment of corrosion-resistant steel according to the invention is effective and does not
require complicated setup. The substances used as activators in the diffusion treatment process are environmentally safe,
eliminating the need for additional exhaust gas disposal. Furthermore, these substances prevent the formation of deposits
and do not cause excessive wear on the heating chamber’s surface or equipment.

[0018] The method of diffusion treatment of corrosion-resistant steel is explained in more detail through exemplary
descriptions of the processes according to the invention, illustrated in the figures, which include photographs of the surface
of samples subjected to nitriding treatment according to the invention, made with an optical microscope, in which Fig. 1
shows a photograph of the sample surface after the nitriding process at a temperature of 500°C and an ammonia flow rate
of 51/min., Fig. 2 shows a photograph of the sample surface after the nitriding process at a temperature of 500°C and an
ammonia flow rate of 15 I/min., Fig. 3 shows a photograph of the sample surface after the nitriding process at a temperature
of 500°C and an ammonia flow rate of 45 I/min., Fig. 4 shows a photograph of the sample surface after the nitriding process
at a temperature of 535°C and an ammonia flow rate of 5 I/min., Fig. 5 shows a photograph of the sample surface after the
nitriding process at a temperature of 535°C and an ammonia flow rate of 15 I/min., Fig. 6 shows a photograph of the sample
surface after the nitriding process at a temperature of 535°C and an ammonia flow rate of 45 I/min., Fig. 7 shows a
photograph of the sample surface after the nitriding process at a temperature of 570°C and an ammonia flow rate of 5 I/
min ., Fig. 8 shows a photograph of the sample surface after the nitriding process at a temperature of 570°C and an
ammonia flow rate of 15 I/min., Fig. 9 shows a photograph of the sample surface after the nitriding process at a temperature
of 570°C and an ammonia flow rate of 45 I/min., and Fig. 10 shows a photograph of the sample surface after the
nitrocarburizing process at a temperature of 570°C and an ammonia flow rate of 15 |/min.

Embodiment 1

[0019] Two samples of X30Cr13 material, cut from a 30 mm diameter rod, were prepared with dimensions of 30 mm in
diameter and 10 mm in height. The samples were loaded into a retort furnace with a chamber volume of approximately 450
litres and a working space of 400x400x600 mm. Each sample was placed in a basket on a mesh to ensure the free flow of
the atmosphere. Following the loading of the samples, heating of the furnace to 360°C was initiated while the furnace retort
was concurrently purged with a nitrogen flow rate of 5 m3/h. At 360°C, the inert gas atmosphere was exchanged for a
nitriding atmosphere through the introduction of ammonia at a constant flow rate of 50 I/min over a period of 1 hour. The
nitriding atmosphere was then heated to the target nitriding temperature of 570°C. The nitriding process was carried out for
a duration of 5 hours with a constant ammonia flow rate of 10 I/min and a nitrogen potential (Kn) in the range 0f 0.25t0 0.30
atm?/2, During the nitriding process, an activator-a mixture of 20% ethyl alcohol and 80% water-was introduced into the
atmosphere. The activator was supplied in 20 ml portions every 20 minutes, each over a period of 30 seconds. The first
introduction occurred when the nitriding atmosphere’s temperature reached 570°C. Five hours after the initial activator
introduction, the furnace was purged with nitrogen and the samples were cooled. The samples were removed from the
furnace once the temperature had fallen below 50°C.

[0020] The average thickness values of the diffusion layer formed on the samples and the corresponding deviations are
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presented in Chart 1.
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Chart 1. Thickness of the effective nitrided layer on X30Cr13 steel

Embodiment 2

[0021] This embodiment describes nine nitriding processes performed on samples made of 440B material. The
samples, with dimensions of @30 x 10 mm, were cut from a 30 mm diameter rod. In each process, two samples were
nitrided. The nitriding was carried outin the same furnace and with the same initial conditions as described in Embodiment
1. The initial steps of loading the samples and preparing the furnace for nitriding were identical to those described in
Embodiment 1. The nitriding processes were conducted using a combination of three distinct temperatures (500°C,
535°C, and 570°C) and three corresponding ammonia flow rates (5, 15, and 45 I/min).

[0022] The following table lists the nitriding process parameters for each of the nine samples. Table 1: Nitriding Process
Parameters for 440B Samples (&30 x 10 mm) from Embodiment 2

Sample No. Process temperature [°C] Ammonia flow rate [I/min] Nitrogen potential Kn [atm 1/2]
1 500 5 27-28
2 500 15 6.5-6.8
3 500 45 10.0-11.0
4 535 5 0.6-0.7
5 535 15 24-25
6 535 45 45-438
7 570 5 0.2-0.25
8 570 15 24-25
9 570 45 45-438

[0023] Each nitriding process was carried out for 10 hours. During the nitriding process, a 20 ml activator-a mixture of
50% ethyl alcohol and 50% water-was introduced into the nitriding atmosphere according to the scheme described in
Embodiment 1. Following the nitriding, the posttreatment procedure was continued as detailed in Embodiment 1.
[0024] The average thickness values of the diffusion layer formed on the samples and the corresponding deviations are
presented in Chart 2.

[0025] Optical microscope photographs of the sample surfaces, obtained after each of the nine nitriding processes, are
shown in Figs. 1-9.
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Chart 2. Effective thickness and thickness distribution in nitrided layers
on 440B steel after activation with ethyl alcohol and water
at different temperatures and ammonia flows.

Embodiment 3

[0026] This embodiment describes the nitro-carburizing process for samples of X30Cr13 material. The samples, with
dimensions of @30 x 10 mm, were cut from a 30 mm diameter rod. The initial steps of loading the samples and preparing the
furnace for nitriding were identical to those described in Embodiment 1. The nitro-carburization process was carried out in
the furnace described in Embodiment 1. The process parameters included a constant ammonia flow rate of 15 I/minand a
nitrogen potential (Kn) in the range of 0.37 to 0.42 atm /2, A carbon-bearing gas was also introduced to maintain a carbon
potential (Cp) in the range of 0.6 to 0.7. Nitro-carbonation processes were carried out at 570°C and flow rate of 15 I/min or
45 I/min. Each nitro-carbonation process was carried out for 5 hours. During the nitriding process, a 20 ml activator a
mixture of 50% ethyl alcohol and 50% water was introduced into the nitriding atmosphere according to the scheme
described in Embodiment 1. After completion of the nitrocarburizing process , the procedure described in Example 1 was
continued.

[0027] The average thickness values of the diffusion layer formed on the samples and the corresponding deviations are
presented in Chart 3.
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Chart 3. Effective thickness and distribution ofthe diffusion layer
on X30Cr13 steel after the nitrocarburizing process described
in Embidiment 3.

[0028] Figure 10 shows a photograph of the sample’s surface, taken with an optical microscope after the nitro-
carburization process.

Claims

1. The method of diffusion treatment of corrosion-resistant steel by nitriding or nitrocarburizing comprises a step of
loading the treated workpiece into a treatment furnace, a step ofintroducing a treatment atmosphere, a step of heating
the treatment atmosphere to a temperature at which the nitriding or gas nitrocarburizing process is carried out, and a
step of introducing an activator to the surface of the treated workpiece, wherein the treatment atmosphere for gas
nitriding contains ammonia as a nitrogen donor, while the treatment atmosphere for gas nitrocarburizing contains
ammonia as a nitrogen donor and carbon monoxide and/or carbon dioxide being a carbon donor, characterised in
that the activator such as alcohol or a mixture of alcohol with water in gaseous or liquid form is introduced into the
treatmentatmosphere for the first time when the treatment atmosphere reaches the target temperature for the process
being conducted, and then cyclically throughout the duration of the nitriding or gas nitrocarburizing process, wherein
the alcohol concentration is not less than 5% by volume, and the amount of the activator supplied is notless than 10 ml
per one diffusion treatment process.

2. The method according to claim 1, characterised in that the diffusion treatment is carried out at a temperature of at
least 450°C for a duration of at least 1 hour.

3. The method according to claim 1, characterised in that the activator is dosed into the processing atmosphere at a
temperature of at least 300°C.

4. The method according to claim 1, characterised in that the nitrogen potential (Kn) of the treatment atmosphere
during the diffusion treatment is in the range of 0.1 to 15 atm -2,

5. The method according to claim 1, characterised in that the carbon potential Cp of the treatment atmosphere in the
nitrocarburizing process is not greater than 2%.
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T —500°C, NHs flow rate — 5 I/min

Fig. 1

T —500°C, NHs flow rate — 15 I/min

Fig. 2

T —500°C, NHs flow rate — 45 I/min

Fig. 3
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T —535°C, NH3 flow rate — 5 I/min

Fig. 4
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T —535°C, NH3 flow rate — 15 I/min

Fig. 5

T —535°C, NHs flow rate — 45 I/min

Fig. 6
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T —570°C, NHs flow rate — 5 I/min

Fig. 7
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T —570° C, NH3 flow rate — 15 I/min

Fig. 8

T —570°C, NHs flow rate — 45 I/min

Fig. 9
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