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ABSTRACT

This paper presents corrosion behaviour of alloy 42CrMo4 steel nitrided by plasma. Different
samples were tested: untreated and plasma nitrided samples. The corrosion behaviour was
evaluated by electrochemical techniques (potentiodynamic curves and electrochemical impedance
spectroscopy). The corrosion tests were carried out in acid chloride solution 1M. The best corrosion

protection was observed for samples nitrided.
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INTRODUCTION

Plasma nitriding is a thermochemical
process extensively applied in materials science and
surface engineering due to its well-known potential
for improving properties such as hardness, wear, and
corrosion resistance of metallic parts’. This surface
treatment technique consists of the implantation
of nitrogen species at low energies into the steel
substrate, and their subsequent diffusion into the
bulk at temperatures above 300 °C. The interaction of
nitrogen and steel constituents leads to the formation
of different types of metallic nitrides, which form
the so-called “nitride layer”. Starting from the solid
surface, such a modified layer usually comprises
an oxide layer, a compound zone, and a diffusion
zone2, The resulting structure of these domains
depends on several processing parameters such
as the concentration of alloying elements, exposure

time, substrate temperature, and gaseous mixture®.
The presence of a nitride layer obviously changes
the mechanisms of interaction between metallic
materials and their surroundings, thus affecting
their stability in aggressive environments*. The
incorporation of nitrogen imparts better mechanical
properties (friction and wear resistance), but the
dissolution kinetics (corrosion resistance) remains
closely related to the composition of the corrosive
medium®. In this context, the 42CrMo4 steel is
largely employed in industrial processes that take
place in aggressive environments. Hard iron nitrides
are originated during the plasma treatment owing
to nitrogen diffusion in the near surface region at
temperatures below the eutectic point (593 °C)°.
Usually, two distinctive phases corresponding to
the e-Fe, ;N and y-Fe,N nitrides are obtained,
whose high hardness improves the strength, friction
and wear resistance’. Recent work has shown
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that the pitting corrosion resistance of steel can be
significantly improved by nitride layers consisting
of e-Fe, N and y-Fe,N phases [19]. However, the
effect of the nitride layer microstructure on the
pitting corrosion behaviour of steel is still not fully
understood. In this study, we address this question
by analysing the influence of plasma processing at
optimal parameters (temperature 500°C, exposure
time 4h and gas mixture 20%H,, 80%N,) [9,10] on
the corrosion behaviour of plasma-nitrided 42CrMo4
steel.

EXPERIMENTAL

42CrMo4 steel samples with nominal
composition of 97.03 Fe, 0.40% C; 0.28% Si; 0.9% Mn;
1.09% Cr; 0.27% Mo; 0.015% P; and 0.018 % S (wt.
%) were used in this study. The corrosion behaviour
of nitrided alloy was evaluated by electrochemical
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impedance spectroscopy (EIS) measurements.
Impedance data for 30 minutes of immersion were
acquired by a potentiostat (AUTOLAB PGSTAT
30) and a frequency response analyzer system
operating at open circuit potential in a frequency
range from100 kHz to 10 Hz with a perturbation of
+10 mV. Experiments were conducted in a classical
three electrodes cell. A saturated calomel reference
electrode was used as reference electrode and a
platinum (Pt) wire as counter electrode.

RESULTS AND DISCUSSION

Fig. 1 shows the potentiodynamic
polarization curves in HCI solution for the samples
untreated and nitrided. After nitriding, we can notice
a slight shift of potential towards negative values from
—486.5 to — 470.05 mVSCE which result no passive
layer at the bottom of the pores and its passivity

Table 1: Impedance parameters for the untreated sample

R, Q a C R, w
(Qcm?) (MF.cm2.s?") (MFecm2) (Qcm?) (Qcm?2s0%)
1,272 1368.0 0,7857 631,9 43,07 0,27

Table 2: Impedance parameters for the untreated sample

(MFcm?) (Qcm?) cm2s?)

Q, (uF. a, C, R, w

(MFcm?) (Qcm?) (Qecm?2s05)

1444,0 0,7332 5915 59,6 4,8

Re Q1 a, C1 l:‘1
(Qcm?)  (pF.cmZs®7)
4,30 400,3 0,8193 127,5 14,0
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Fig. 1: Potentiodynamic polarization curves in
HCI solution for untreated and nitrided alloy

requires applying an anodic potential. Despite its
active state, it is however important to note that
the nitride layer allows a significant reduction in the
corrosion current density. The lower anodic current
densities than for the untreated alloy, indicating
an increase in the corrosion resistance, probably
associated with the formation of the compound
layer composed by Fe, /N and Fe,N and/or to the
enrichment of the metallic matrix in nitrogen.

EIS experiments obtained at open circuit
potential (OCP) in HCI solution were performed to
characterize both the untreated and nitrided 42CrMo4
samples. Figs. 2a, 2b, 2¢ show the Nyquist and Bode
plots of experimental data of the alloy. The nitrided
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sample shows a different behaviour due to the
presence of nitrides with high chemical inertia. The
high impedance values and phase angle of almost
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Fig. 2: Nyquist(2a) and Bode(2b,2c)
plots of experimental data of
untreated and nitrided alloy
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-60° at intermediate frequencies are indicative of a
near capacitive response related to surface nitride.
Moreover, a high impedance of nitrided sample
confirms the low reactivity of the nitride alloy.

The results for nitrided samples can be
interpreted in terms of two time constants overlapped
for a broad frequency range. The electrochemical
behaviour for 42CrMo4 untreated was modelled
by the equivalent circuit shown in figure 3 which
is composed by circuit elements: R_, representing
the solution ohmic resistance between the working
and the reference electrodes, Q element, which
represents a constant phase element (CPE) and
describes a non-ideal capacitor when the phase
angle is different from -90° [11]. CPE impedance is
generally attributed to distributed surface reactivity,
surface heterogeneity and roughness, to current
and potential distribution related to the electrode
geometry and porosity [9,12]. The circuit element
R, corresponds to the polarization resistance which
is related to the charge transfer resistance at the
metal/solution interface. W element is the Warburg
impedance. The treated sample was modelled
by the equivalent circuit shown in figure 4 which
is composed by elements: R_ (the solution ohmic
resistance), Q,and Q, elements, which represent
a CPE, and CPE, respectively, R, resistance of the
porous nitride layer, R, the charge transfer resistance
at the metal/nitide interface. The polarization
resistance is R,= R+ R,

CPE
— R,

Re H W

CPE; CFE;

=

- v}
[R
L= I

Fig. 4: Equivalent circuit for nitrided sample
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The values of equivalent circuit elements
resulting from simulation by the EC-Lab 10.02
software are shown in table 1 for untreated sample
and in table 2 for nitrided one.

The lower Rp value 43.07 &!cm?for untreated
sample when compared to Rp value 73.6 &!'cm?for
treated one are attributed to a higher corrosion
resistance for the nitrided alloy in this medium. The
phase-angle profiles in the low frequency region
in Fig. 4c confirm the predominant capacitive
contribution on nitrided sample, maintaining high
¢ values for frequencies much lower than for the
untreated alloy. All these features point to a higher
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corrosion resistance of the nitrided sample than of
the untreated one.

CONCLUSION

In this work, it was shown that nitriding
treatment applied to carbon steel enriched in
chromium is adapted to the protection against
corrosion of the 42CrMo4 steel. In optimal plasma
treatment conditions, electrochemical tests showed
that nitride layer provides good corrosion protection
in HCl solution. The nitrided alloy shows a significant
increase in corrosion behaviour.
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