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On the uplift phenomena induced by plasma assisted nitriding  of the
lightweight intermetallic FeAl40 grade 3 alloy
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It is known that the introduction of nitrogen, carbone, boron or hydrogen into metal

alloys induces deformations which result in swelling of the surface [1].  This

phenomenon of volume expansion, which occurs during diffusion treatment such as

nitriding, has important consequences from a technological point of view. Especially,

this uplift phenomenon can be advantageously used to pattern metallic surfaces and

thus find innovative applications in lubricated friction, wettability and thermal

management. Nevertheless, the underlying mechanism that makes possible this uplift

phenomenon up to 100s of nm is quite complex. Indeed, it combines multiple effects

such as phase transformation (mainly AlN nitride precipitation) that was previously

investigated [2], the generation of internal stresses that must be evaluated and

anisotropic deformations of the treated parts that is experimentally accesible.

Explanations of this mechanism is the main objective of the present communication.

For this purpose, nitriding treatments were conducted using a MDECR plasma (600

W, - 50V, N

2

/H

2

 95 % / 5 %, 2,26 Pa, 8 h, 475 °C). Different patterns were elaborated

using masks with various dimensions. Parallel stripes consisting in a periodic

alternation of open grooves and plugged grooves were created by laser cutting in the

range of 10-1000 µm in width.  Observations of the cross-sectional views of the

nitrided samples evidence both a lateral diffusion beneath the edge of the mask and

an uplift spatial gradient of the nitrided part. Results also show that the microstructure,

the depth and the swelling of the nitrided parts are greatly influenced by both the

width of the open grooves of the masks and by the periodicity of the parrallel stripes.

Finally, mechanical simulations using a finite element software (Abaqus) give access

to the stresses distribution through the nitrided parts and help us to better understand

the role played by the stresses on the uplift phenomenon.

Keywords
Micro-patterning

Plasma assisted nitriding

Intermetallic iron aluminide

stress simulation


