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Abstract 

The paper studies the corrosion resistance of 40Cr130 in different structural states. The 
material is thus characterized in the annealed, normalized, quenched, tempered state and, 
respectively, following a thermochemical treatment. 
Good corrosion resistance was found in all states, and substantial improvements were 
noted following the thermochemical nitriding treatment. 
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1. Introduction 

The corrosion phenomenon, i.e. the spontaneous 
destruction of the state of the surface and, 
respectively, at relatively small depths on the 
material, is influenced by many factors [1]. These can 
be divided into two main categories, as follows: 
external factors, which depend on the environment in 
which the given material is located, and internal 
factors, which depend on the material itself. The 
performances of a given material are assessed 
according to its own characteristics. As external 
factors are usually imposed by the environment in 
which the process takes place, the manufacturer must 
adapt the properties of the product to the specific 
conditions in which the product will operate.  

In the case of metallic materials, their corrosion 
depends on a number of factors, including the 
chemical composition, degree of purity and type of 
inclusions, structural state, grain size, occurrence of 
internal stresses, degree of surface finish, etc. [2, 3, 6, 
8].In terms of quantity, by determining the corrosion 

rate and the wear rate, respectively; the corrosion rate 
is the mass of corroded material in the unit of time 
relative to the unit of surface; wear rate is the depth to 
which the corrosion process has penetrated relative to 
the unit of time, for example one year [4, 5, 7]. 

 
2. Experimental tests and results obtained 

The experimental tests were conducted on 
40Cr130, the chemical composition of which is 
shown in Table 1. 

Samples were made of this steel, appropriate for 
the studies and tests to be performed. 

The corrosion testing was performed on samples 
of the given steel in different structural states, 
obtained using heat and thermochemical treatments. 
Table 2 shows the range of treatments performed and 
the parameters thereof. The thermochemical 
treatment applied to some samples was gaseous 
nitriding, according to Table 3. 
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Table 1. Chemical composition of 40Cr130 

 
 
 
The samples used in the determinations were 

20x20mm. 
For the experimental tests we used: 
- hardness measuring device: LECO LV 700AT4.1 

and AQUASTYL RB-1E/AQ, 
 - Metallographic microscope LEICA DMLM, 
 - UTTIS vacuum heat treatment oven, 
 - NITRION 10 plasma nitriding installation. 

The structures related to the states of the heat and 
thermochemical treatments conducted according to 
the table above are presented in figures 1-4. 
 

 
Table 2. Heat treatments 

 

Table 3. Applied thermochemical treatment 
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Fig. 1. 40Cr130 in initial state. Ferrite + carbides. Royal 

water etching. 1000:1. 

 
Fig. 2. 40Cr130 quenched from 1040C. Martensite + 

carbides. Royal waterl etching. 1000:1 

M
at

er
ia

l t
yp

e 
Chemical composition [%] 

C Cr Mn Si P S Mo Cu 

40
C

r1
30

 

0.
41

 

13
.4

 

1.
01

 

0.
88

 

00
40

 

00
25

 

0.
20

 

0.
25

 

M
at

er
ia

l t
yp

e 

H
ea

t t
re

at
m

en
t 

T
em

pe
ra

tu
re

 [
C

] 

H
ea

ti
ng

 ti
m

e 
[h

] 

C
oo

li
ng

 m
ed

iu
m

 

H
ar

dn
es

s 
[H

R
B

] 

40
C

r1
30

 

Initial 
state 

- - - 195 

V
ac

uu
m

 q
ue

nc
hi

ng
 

950 1 Recirculated 
nitrogen 

390 

1040 1 Recirculated 
nitrogen 

477 

1100 1 Recirculated 
nitrogen 
 

453 

T
em

pe
ri

ng
 a

ft
er

 
qu

en
ch

in
g 

at
 

10
40
C

 

150 2 air 464 

510 2 air 316 



 

 
© 2023 Author(s). This is an open access article licensed under the Creative Commons Attribution-
NonCommercial-NoDerivs License (http://creativecommons.org/licenses/by-nc-nd/3.0/). 
 

28 
 

 
Fig. 3. 40Cr130 quenched from 1040C and tempered at 

510C. Royal water etching. 1000:1 
 

 
Fig. 4. 40Cr130 quenched from 1040C and nitrided for 20  
hours at 510C. Nitrided layer. Aqua regia etching. 1000:1 

The optical microscopy studies were 
supplemented by the SEM electron microscopy - 
Figures 5-7. 

 

 
Fig. 5. 40Cr130 quenched from 1040C and tempered at 

510C. 2000:1 
 

 
Fig. 6.  40Cr130 quenched from 1040C and 

tempered at 510C. 5000:1 

 
Fig. 7.  40Cr130 quenched from 1040C and 

tempered at 510C. 10000:1 
There are found, in the solid solution, numerous 

globular Cr carbides, uniformly distributed in the 
base mass. The SEM analysis was also used for the 
quantity analysis of the core of the specimen, as well 
as of the nitrided layer (using a BRUKER detector 
attached to the SEM-TESCAN VEGA electron 
microscope). 

Figures 8 and 9 and Tables 4 and 5 show the 
structure and chemical composition of the nitrided 
layer. 
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Fig. 8. SEM images of the nitrided layer of 40Cr130 

quenched from 1040C, tempered to 510C and nitrided at 
520C 

 
Table 4. Chemical composition of the layer 

 
 

  
 
 Table 5. Chemical composition of the core 

 
 The differences in values for Cr and Mn between 
the surface and the core are due to the compounds 
that form in the layer during nitriding. 

 

Fig. 9. SEM images of the 40Cr130 sample core, quenched 
from 1040C, tempered to 510C and nitrided at 520C. 

There can be noted the presence of nitrogen in the 
nitrided layer, an element not present in the material 
mass. 

In order to determine the corrosion behaviour of 
40Cr130 in different structural states, there was used 
the potentiostatic method, applying an increasing 
linear potential on the working electrode and 
measuring the corresponding current. 

During the experimental research, the anode was 
the part subjected to corrosion, and the cathode was a 
platinum electrode, on which protons were discharged 
from the hydrogen-forming medium, as shown in the 
reaction: 

Fe + 2H+ Fe2+ + H2 

The test equipment consisted of a PAR BioLogic 
VSP potentiostat galvanostat, and the tests were 
performed in an electrochemical cell with 3 
electrodes: 

- Working electrode (sample); 
- Platinum counter electrode (1 cm2 plate); 
‐ Reference electrode (ESAE = 0.197 V). 

Corrosion density: 

Icor =  [A/m2]   (1) 

‐ Corrosion rate:  
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Fig. 10. Polarization curves determined experimentally for 

40Cr130 quenched from 1040C 
 

 Kg =  .Icor [/m2h]    

(2) 
where Mmet is the atomic mass of the metal, 
Z is the number of electrons exchanged by 
the metal in the oxidation process; 
 

‐ Wear rate: 

Pmm =  [mm/year]   (3) 

 
Figures 10-13 show part of the current-potential 
curves (processed using the ELab software), obtained 
for 40Cr130 samples. 

 
 

Fig. 11. Polarization curves determined experimentally for 
40Cr130 quenched from 1040C and tempered at 510C 

and nitrided at 520C 
 

 
Fig.12.Polarization curves determined experimentally for 
40Cr130 quenched from 1040C and nitrided at 520C 

 

Fig.13. Polarization curves determined experimentally for 
40Cr130 quenched from 1100C, tempered at 510C and 

nitrided at 520C. 

The corrosion and wear rates were determined 
using the polarization curves and performing the 1 ... 
3 expressions calculations, as presented in Table 6 
 

Table 6. Corrosion and wear rates 
 

It is found in all cases that the corrosion rate 
decreases with the increase of tempering temperature. 

Mate
rial 
type 

Heat treatment Thermoche
mical 
treatment 

Vcor 
[g/m
2h] 

Vw
ear 
[m
m/y
ear] 

Quenc
hing 
[C] 

Tempe
ring 
[C]   

Ionic 
nitriding 

40Cr
130 

950 150 - 8.22 9.16 
510 - 6.37 8.80 
510 yes 4.23 4.71 

1040 510 - 4.75 5.30 

510 yes 2.52 2.81 
1100 510 - 6.94 7.9 

510 yes 3.03 3.43 
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3. CONCLUSIONS 

The experimental results, in correlation with the 
metallic material analysed, led to several conclusions, 
among which the following stand out: 

- The heating temperature for quenching is a 
significant parameter in terms of the influence on the 
structure and properties of 40Cr130; there was found 
that the optimum quenching temperature is 1040C; 

- Furthermore, the tempering temperature 
proved to be significant in terms of mechanical 
properties and of corrosion resistance; thus, the 
increase of the tempering temperature was found to 
lead to a slight improvement of the resistance in 
aggressive environments. This is also due to the 
decrease in the level of internal stresses; 

- The quenching from 1040C followed by 
tempering at 510C had the best results in the 
corrosion test compared to other quenching 
temperatures followed by the same tempering at 
510C; 

- The nitriding heat treatment performed after 
quenching and tempering or together with the 
tempering is also beneficial for the behaviour in 
aggressive environments. Thus, the improvement 
recorded increases between 40-60%. The increase is 
also due to the presence in the surface layer of nitrides 
in solid solution enriched in nitrogen. 
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