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Why do we need wear and corrosion resistant coatings?

2

Despite the existence of cathodic protection,
coatings are necessary because the amount of
the injected current is proportional to the
exposed area which is too expensive.

Sever wear is due to the transportation of
poorly filtrated natural gas at high velocity and
pressure especially in pipelines bends and
elbows.

Figures: DOI: 10.1016/j.conbuildmat.2023.133014
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What is the proposed coating ?
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The proposed solution is to apply stainless-steel multilayer coatings deposited by twin wires arc spray process,
then annealed and nitrided under specific conditions. At the end, W-Ti-N thin film is deposited using PVD
(Physical Vapor Disposition) process. The four steps of optimizations are :

1. The first step: Four layers of 304L stainless steel coating are deposited.

2. The second step: Post spraying vacuum annealing under three different temperatures on the multilayer
coatings, the temperature that gives the optimal properties is 800°C.

3. The third step: Nitriding the annealed multilayer coatings by PIII (Plasma Immersion Ion Implantation)
process with different injected powers.

4. The fourth step: Deposition of W-Ti-N thin film that is optimized before (DOI: 10.1080/02670844.2020.1827127

and DOI: 10.1007/s11665-021-05996-7) on the nitrided and annealed multilayer coatings.
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How is the hardness affected ?
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Bar Monolayer Multilayer Annealed Nitrided Thin film

H=9,6 H=8,7 H=13,9 H=11,7 H=16,4 H=22,3

-9,36% +59,77% -15,83% +40,17% +35,98%

H: hardness (GPa).
Bar: 304 Stainless steel massif material.
Monolayer: 304L Stainless steel coating with 1 layer.
Multilayer: 304L Stainless steel coating with 4 layers.
Annealed: 304L Stainless steel coating with 4 layers annealed 
under 800°C.

Nitrided: 304L Stainless steel multilayer coating annealed at 
800°C and nitrided by PIII process.
Thin film: W-Ti-N thin film on 304L Stainless steel multilayer 
coating annealed at 800°C and nitrided by PIII process.



SONATRACH Scientific and Technical Days, June 24-26 June 2025, CCO Oran

How is the friction coefficient affected ?
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Bar Monolayer Multilayer Annealed Nitrided Thin film

µ=0,56 µ=0,52 µ=0,49 µ=0,52 µ=0,16 µ=0,14

-7,14% -5,77% +6,12% -69,23% -12,50%

µ: friction coefficient.
Bar: 304 Stainless steel massif material.
Monolayer: 304L Stainless steel coating with 1 layer.
Multilayer: 304L Stainless steel coating with 4 layers.
Annealed: 304L Stainless steel coating with 4 layers annealed 
under 800°C.

Nitrided: 304L Stainless steel multilayer coating annealed at 
800°C and nitrided by PIII process.
Thin film: W-Ti-N thin film on 304L Stainless steel multilayer 
coating annealed at 800°C and nitrided by PIII process.
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How is the wear rate affected ?
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Bar Monolayer Multilayer Annealed Nitrided Thin film

k=3,08∙10-3 k=2,63∙10-4 k=5,43∙10-5 k=7,07∙10-5 k=2,17∙10-7 k=7,55∙10-8

One-fold 
reduction

One-fold 
reduction

+30,2%
Twofold 

reduction
One-fold 
reduction

k: wear rate (mm3/N∙m).
Bar: 304 Stainless steel massif material.
Monolayer: 304L Stainless steel coating with 1 layer.
Multilayer: 304L Stainless steel coating with 4 layers.
Annealed: 304L Stainless steel coating with 4 layers annealed 
under 800°C.

Nitrided: 304L Stainless steel multilayer coating annealed at 
800°C and nitrided by PIII process.
Thin film: W-Ti-N thin film on 304L Stainless steel multilayer 
coating annealed at 800°C and nitrided by PIII process.
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How is the corrosion rate affected ?
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Bar Monolayer Multilayer Annealed Nitrided Thin film

Cr=0,77 Cr=13,03 Cr=0,19 Cr=0,07 N/A N/A

Twofold 
increasing

Twofold 
reduction

One-fold 
reduction

N/A N/A

Cr: Corrosion rate (mpy).
Bar: 304 Stainless steel bar as reference.
Monolayer: 304L Stainless steel coating with 1 layer.
Multilayer: 304L Stainless steel coating with 4 layers
Annealed: 304L Stainless steel coating with 4 layers annealed 
under 800°C.

Nitrided: 304L Stainless steel multilayer coating annealed at 
800°C and nitrided by PIII process.
Thin film: W-Ti-N thin film on 304L Stainless steel multilayer 
coating annealed at 800°C and nitrided by PIII process.
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Detailed results ?
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DOI: 10.1007/s11665-022-06830-4

DOI: 10.1007/s00339-022-05770-z
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Detailed results ?
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DOI: 10.1007/s00339-022-05272-y DOI: 10.1007/s00339-023-06435-1
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DOI: 10.1007/s11837-023-05854-y

Detailed results ?
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Why should we think about NG pipelines repurposing ?
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In the energy transition strategies, the approach of transporting hydrogen via pipelines requires that this
hydrogen must be mixed with natural gas (blending).

• Repurposing and reusing the existing natural gas infrastructures represents a cost-effective energy
transition (EU hydrogen strategy).

• Reusing the existing gas pipelines has the benefit of being quicker and cheaper than building new hydrogen
pipelines (Agency for the Cooperation of Energy Regulators ACER).

• Using gas pipelines that are not needed anymore for hydrogen transportation, represents a saving in
decommissioning costs on the gas sector (Agency for the Cooperation of Energy Regulators ACER).
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Why should we think about NG pipelines repurposing ?
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Up to about 7 000 km of distance, transporting hydrogen via repurposed pipelines remains the best option.

Figure: C. Höft, “Hydrogen transportation via Pipeline” 
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Why should we think about NG pipelines repurposing ?
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Figure: Stratégie national de développement de l’hydrogène en Algérie p. 7

• If TRANSMED pipeline (pipeline between Algeria and ltaly through Tunisia) is fully repurposed, it could
transport around 4 Mt/a, which represents 40% of the EU import target (SoutH2 Corridor Initiative).

• The national strategy for developing hydrogen in
Algeria proposes the two options to export blended
hydrogen to EU through pipelines: repurposing the
existing pipelines: MEDGAZ and TRANSMED, and
building new pipelines (possibly the GALSI pipeline).
The strategy talks also about the possibility of
injecting hydrogen in local natural gas transportation
and distribution grid.
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Where is the problem ?
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Figure: https://www.haihaopiping.com/what-is-hydrogen-induced-cracking-hic.html

Repurposing the existing gas pipelines cannot

be applied directly for hydrogen transportation,

because it is associated to many technical

issues, the most relevant issue is the brittleness

of the pipelines steel and the associated

equipment materials.

In pipelines for green hydrogen transportation,

after being diffused inside the steel due to their

size, hydrogen weaken the bonding forces,

leading to the fracture and the degradation of

the toughness and the ductility, this

phenomenon is the hydrogen embrittlement.
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Why can our coatings be a solution ?
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In order to deal with hydrogen embrittlement, many solutions are proposed. Coatings that improve corrosion
and wear resistance can have the potential to prevent hydrogen embrittlement in steels.
Nitrided and annealed stainless steel multilayer coatings and W-Ti-N thin films can be used to coat pipelines
as hydrogen embrittlement barriers due to the following points:

• Stainless steels and due to their composition of Ni and Mo has high hydrogen compatibility, which leads to
the interaction with hydrogen without embrittlement (DOI: 10.1016/j.surfcoat.2014.09.041).

• It was reported before that a monolayer stainless steel coating deposited by thermal spray process and
without any optimization has the ability to reduce the hydrogen diffusion (DOI: 10.1016/j.surfcoat.2020.125940).

• In multilayers, the interface between the layers can act as a good hydrogen diffusion barrier (DOI:

10.4028/www.scientific.net/AMR.1152.9).
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Why our coatings can be the solution ?
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• Heat treatment is an effective method to improve the resistance to hydrogen embrittlement due to the
reduction in the grain size and the improvement of the coating bonding strength (DOI: 10.1116/1.4919736).

• Nitrides can be considered as effective hydrogen barriers due to the formation of the strong H-N bonds
(DOI: 10.1116/6.0002178).

• Ceramic nitrides coatings have good performance as hydrogen barriers especially those composed of Ti
associated with N or C (DOI: 10.17265/2161-6213/2015.5-6.002).

• It was reported that the hydrogen permeability resistance is improved with increasing the W content in
the coatings (DOI: 10.1116/6.0002178).
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Conclusion
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Renewable hydrogen in Algeria represents a rewarding field that become a subject of interest nowadays, but
until reaching its technological maturity, lots of technical challenges need to overcome; hydrogen
embrittlement is one of them.

This work aims to propose a probable solution to that constraint
by applying a barrier coatings and thin films that highlighted
before their protective capacity against wear and corrosion.
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