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Improvement on corrosion resistance of AlSI 4340 alloy steel via
Cr-Cu-N coatings
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Abstract

In this study, the Cr-Cu-N coatings were deposited on AISI 4340 alloy steel
using the different currents of copper target by cathodic arc deposition (CAD) system.
The coating morphologies and properties such as roughness, chemical composition,
and structure were all analyzed. Moreover, polarization tests and weathering tests
were also performed for exploring the effect of Cu-target current on the corrosion
behavior of the coated AISI 4340 steel.

The experiment results showed that the Cr-Cu-N thin films mainly was a FCC
structure with the doping of 13.5-38.9 at.% Cu . When the current of copper target
was set at 30A, the Cr-Cu-N film obtained had the smallest surface roughness (Ra
value = 0.466 um) among all coating conditions. Corrosion resistance of AISI 4340
steel could be improved via the Cr-Cu-N coatings in both 3.5 wt% and 5 wt% NaCl
solutions. Particularly, the 30A coated specimen had the best corrosion resistance.
Keywords: AISI 4340 steel, Cr-Cu-N coating, Surface roughness, Corrosion
resistance
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Table 1 Chemical compositions of AlSI
4340 alloy steel. (wt%)

Element C Si Mn P S Ni Cr

Wit% 0.412 0.22 0.781 0.011 0.02 1.922 0.765
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Fig.1 Schematic diagram of the heat

treatment in this study.
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Table 2 CAD processing parameters for

Cr-Cu-N coatings in this study.

Parameters Values

Targets Croo swioe - Clog 5w
Cr Cathode current (A) 75

Cu Cathode current (A)

Working pressure (Pa ~ torr) 2.67 ~ 2x107
Ar” Bombardment (V/min) =700
Substrate bias (V) -50
Substrate temperature ('C) 200~250
Rotation rate (rpm) 4
Distance between targets and substrate 150
(mm)
Deposition time (min) 45
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Fig.2 XRD pattern of the substrate
specimen.

Fig.3 F A~ XRD &~ LL#L -
CrCu-N 5 &L AT REUT CrN g 5
YSZERAT (14155 > BA 43.7° (200) P ai58
R > B Cu $EM BB -
CrN PSS - B2 HY
JBAE S0°HY Cu(111) - s ¥E -
BEUREE Cu iRy LT CugtR
Gt Z HUR CrN Hy&ST -

5 75AI P
G .
Z |e0a i
Z A
£ . ——
E [2ea i
: = LA
=
2 [30a ‘
-
T
20 30 40 50 60 70 80
z = 5 s =
Z 5 8 g Z
& | JI
= g g
© MR- N1 - E
20 30 40 50 60 70 80
26 (degree)

Fig.3 XRD patterns of the coated

specimens.
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selected area electron
diffraction pattern of the TiAI/TiAIN-12
multilayer.

Fig4 TEM

Table 3 TEM selected area
electron diffraction pattern of the 30A

Ring Experimental
CrN Cu
number dna (A)
1 2.38 239(111)
2 2.10 2.07 (200) 207 (111)
3 1.81 1.79 (2 0 0)
4 1.45 1.46 (22 0)
5 1.27 1.25(311)
6 1.19 1.20 (222)
layer.
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Fig.5 Comparison of the
thickness for the various coating.

coating

Fig.6 FE-SEM cross-sectional view of
the coated specimens. (a)30A,
(b)45A, (C)60A, (d)75A.
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Fig.7 Comparison of average
atomic concentration for the coated
specimens.
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Table 4 Surface roughness of uncoated

and coated specimens.

Specimen Ra (um) Rq (um)
AISI 4340 0.06+0.006 0.1140.013
30A 0.46+0.014 0.62.023
45A 0.46+0.027 0.61+0.045
60A 0.47+0.026 0.62+0.021
75A 0.53+0.032 0.70+0.035
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Fig. 8 The polarization curves of the
uncoated and coated specimens.

Table 5 The polarization data
measurements from polarization
tests in the experiment.

. Icorr Ecorr Rp
Specimen )
(w0’ ampren’y — (Volts)  (Ohms/cm®)
AISI 4340 2.67 -0.841 57811
30A 1.36 -0.317 191580
45A 2.56 -0.389 103270
60A 2.35 -0.340 111190
75A 33.80 -0471 77176




Fig.9 Surface

morphology of the
uncoated and coated specimens after
polarization tests in 3.5 wt% NaCl
solution. (a)AlSI 4340, (b)30A, (c)45A,
(d)60A, and (e)75A.
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Fig.10 Comparison of weight loss of the
various  coated  specimens  after
weathering test in 5 wt% NaCl solution.

Fig.11 Surface morphologies of the
coated specimens after after weathering
test in 5 wt% NaCl solution. (a)30A,
(b)45A, (c)60A, and (d)75A.
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