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Valentina
Записка
Good afternoon Dear colleagues! My name is Valentina Moskvina. I am a PhD student. Today I’m going to talk about “Characterization of the surface layers produced by ion-plasma treatment in austenitic stainless steel with different microstructures”. 
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Motivation
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- SEM analysis
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Summary
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Different microstructures in 316L-type steel
formed by thermal-mechanical treatments

- TEM analysis
- EBSD analysis

Valentina
Записка
I want to begin with the outline; in this slide you can see the main points of my presentation.
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Austenitic stainless steels

Advantages: 

high ductility 

high corrosion 

resistance 

very good cold 

forming properties 

cryogenic properties

accessibility to
processing 

Disadvantages:

low yield

strength

poor wear

resistance

low surface 
hardness

Fe + C → Steel 
Fe + C + Cr →

Stainless steel

Fe + C + Cr + Ni →

Austenitic stainless steel

I

Valentina
Записка
Firstly, let’s look at austenitic stainless steels. We know this class due to their wide usage and properties, among them ductility and high corrosion resistance. Of course, these steels have a number of disadvantages.



Ways to improve 

properties 

of austenitic 

stainless steels: 
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Ion plasma treatment (IPT)

Ion-plasma diffusion saturation of the steel 

surface with interstitial atoms (N, C, N + C) 

results in surface hardness and tribological 

properties improvement

o alloying

o strain hardening 

o precipitate strengthening

o diffusion gaseous and ion-

plasma surface saturation 

Valentina
Записка
There are several ways to cope with them: alloying, strain hardening, precipitate strengthening. Also, it’s possible to improve the surface properties by diffusion gaseous and ion-plasma surface saturation. In addition, the combination of strain hardening with surface ion treatment gives even more effective improvement of the surface properties. 

Valentina
Записка
Describing the process of ion plasma treatment, it is necessary to start with the fact, that surface properties obtained after treatment are strongly dependent on the process parameters such as treatment temperature, time, pressure and the initial microstructure, chemical and phase composition of saturated material.

Valentina
Записка
Despite a number of different results in literature, no data exist about the role of strain-induced defects and grain boundaries in the mechanisms of hardened layer formation in austenitic steels after ion plasma treatment.



To evaluate the effect of deformation defects on elemental 

and phase composition, nanohardness and microstructure of 

stable austenitic stainless steel (316L-type) subjected to ion-

plasma surface treatment.

THE AIM OF WORK
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What about the role of deformation-induced defects and grain 
boundaries in the hardened layer formation of ion-plasma 

treated steels?

Valentina
Записка
Therefore, this presentation focuses on the evaluation of the effect of deformation defects on the elemental and phase composition and nanohardness of austenitic stainless steel subjected to ion-plasma surface treatment.



Austenitic stainless steel - Analogue AISI 316L 
(Fe-17Cr-13Ni-2.7Mo-1.7Mn-0.6Si-0.01C mass %)

Working gas: Ar +N2+C2H2 

Pressure: P = 300 Pa
Temperature: Т = 540°C 
Duration: t = 12 hours

Ion-plasma treatment (IPT) 

of R1 and R2 specimens

Formation of 
surface layers

Thermomechanical treatments

Regime 1

(R1)

Regime 2 

(R2)

Formation of 
different 

microstructures
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Valentina
Записка
The object of the study is 316L-type austenitic stainless steel. 

Valentina
Записка
There are two main stages in its treatment procedure. 

Valentina
Записка
The first stage – thermomechanical treatment to form different microstructures and the second one - Ion-plasma treatment of these specimens under the following parameters to form the surface layers.



Thermomechanical treatments

Regime 1

(R1)

Regime 2 

(R2)

Formation of 
different 

microstructures
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Valentina
Записка
Few words about thermomechanical treatment. Regime one included only cold rolling. The second regime consisted of cold rolling and post-deformation annealing.
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II

Different microstructures in 316L-type steel 

formed by thermomechanical treatments

Valentina
Записка
Now we will look at different microstructures in steel.



TEM bright-field images with SAED patterns of the different 

microstructures in 316L-type steel
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R1 R2

Two types of grain-subgrained structures in steel 

Valentina
Записка
Thermomechanical treatment in both regimes promotes the formation of austenitic structure in steel specimens: after rolling by regime 1 a grain-subgrain structure with a high density of deformation defects (such like dislocations, subboundaries, twins) and both high- and low-angle misorientations. Post-deformation annealing provides relaxation of a defective structure and a decrease in microstresses and density of dislocations.



EBSD patterns are
given with a different
"confidence index" - CI,
with CI > 0.4 (a, b) and
with CI > 0.1 (c, d)
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EBSD OIM (a, b) and KAM (c, d) images for the R1(a, c) 

and R2 (b, d) specimens

a) b)

c) d)

Black regions 
correspond to points 

with low CI

Valentina
Записка
The analysis of Electron backscattered diffraction images confirmed that after the treatment of steel we observe the formation of grain-subgrain austenitic structure. 

Valentina
Записка
It should be noted that only individual grains and subgrains are well identified, and between these regions there is a large amount of black points which linked with localized deformation bands and highly deformed regions or boundaries in specimens. For post-deformation annealed specimens, regions with continuous misorientations are larger in size and have a more equiaxed shape compared to previous specimens. The analysis of local misorientation maps of the crystal lattice also showed less microdeformation and misorientation for annealed specimens.

Valentina
Записка
So, we estimated that the main differences in structure between specimens lie in dislocation density, microstresses, fraction of low-angle boundaries.
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Features of IPT-assisted surface layers in 316L-

type steel with different microstructures

III

Valentina
Записка
That will bring us to our next point. Now we will look at the specimens after ion-plasma treatment.
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IPT facilitates a formation of composition 

hardened surface layer ≈ 20-22 μm in thickness 

SEM cross-sectional images of fractured surfaces of 

R1 specimen after ion-plasma treatment 

Valentina
Записка
Irrespective of the type of initial microstructure in specimens the ion treatment facilitates a formation of composition inhomogeneous surface layer ≈ 20-22 μm in thickness. 
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Auger electron spectroscopy results (carbon and nitrogen 

concentration) combined with nanohardness depth profiles

for R1 and R2 specimens (cross-sectional direction)

R1 + IPT R2 + IPT

Valentina
Записка
In this slide you can see carbon and nitrogen concentration combined with nanohardness depth profiles for surface layers in specimens.

Valentina
Записка
The nanohardness depth profiles change nonlinearly along the cross-section. For all nanohardness depth profiles three representative zones were observed I – surface hardened layer, II – diffusion zone, III – matrix. For both specimens, the highest nanohardness values correspond to the surface layers. Then, nanohardness gradually decreases. The total (N + C) profiles correlate well with the nanohardness depth profiles. 

Valentina
Записка
The most outstanding differences, we found in the change of elemental composition and nanohardness in hardened layers of specimens. This highlighted in red color zone of surface hardened layer has the highest nanohardness values and concentration of carbon. 

Valentina
Записка
 At the same time, you can see that surface concentration of carbon in this type (the second) of specimens is lower and changes gradually. This testify that structure with high density of deformation defects (like the first) accumulated carbon atoms and promotes the highest carbon concentration in ≈ 5˗μm surface layers of the steel. 



Phase composition in 
surface layers after ion-

plasma treatment:

Fe-γN,C + Fe4(N,C) + 
Cr (N,C) + Fe-αN,C 
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X-ray diffraction analysis of R1 and R2 specimens

after ion-plasma treatment

2Theta, degrees

Valentina
Записка
X-ray analysis shows that both initial steel specimens contain only austenite. 
Regardless of the type of microstructure in specimens the surface layers underwent similar phase transformations under the ion-plasma treatment. For ion plasma processed specimens we detected peaks from expanded austenite, ferrite and different carbonitrides phases. Lines for austenitic phase have strong broadening and shifting to the lower diffraction angles. These broadening and shifting of austenite lines indicate the solid-solution hardening of steel with nitrogen and carbon atoms and the formation of inhomogeneous concentration of interstitials in austenite along the depth of composition layer. 



Valentina
Записка
It was established that fraction of carbonitride phases in surface layers is higher for Regime 1-specimens. At the same time, the fraction of expanded austenite in surface layers is higher for Regime 2-specimens.


Valentina
Записка
So, a significant increase in the nanohardness of the composition layer occurs by dispersion strengthening and strong solid solution hardening.



• The surface layers of both specimens underwent IPT-processing possess
similar phase composition: expanded austenite (Fe-γN,C), ferrite (Fe-αN,C),
Fe4(N,C) and Cr(N,C) phases

• Pre-deformation stimulates an accumulation of interstitial atoms (N and
C) under ion-plasma treatment

• Deformation-assisted defects suppress bulk diffusion of carbon under IPT

• High density of dislocations, boundaries and subboundaries provide high
surface nanohardness in 316L austenitic stainless steel under ion-plasma
treatment
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SUMMARY

These results provide experimental support for key role of deformation-
assisted well-developed microstructure in accumulation and bulk diffusion 

of interstitials under ion-plasma treatment of steel

Valentina
Записка
This slide presents the main conclusions that I have already mentioned.
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Thank you for your time! If you have any questions, please feel free to ask me.




