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Improvement of corrosion properties on AISI D3 steel surfaces coated with [CrN/AlN]n multilayered system
deposited for various periods (K) via magnetron sputtering has been studied in this work exhaustively. For
practical effects compared were the latter properties with CrN and AlN single layers deposited with the
same conditions as the multilayered systems. The coatings were characterized in terms of crystal phase;
chemical composition, micro-structural, and electrochemical properties by x-ray diffractometry, energy
dispersive x-ray, Fourier transforming infrared spectroscopy, atomic force microscopy, scanning electron
microscopy, Tafel polarization curves, and electrochemical impedance spectroscopy. Corrosion evolution
was observed via optical microscopy. Results from x-ray diffractometry analysis revealed that the crystal
structure of [CrN/AlN]n multilayered coatings has an NaCl-type lattice structure and hexagonal structure
(wurtzite-type) for CrN and AlN, respectively, i.e., it was made non-isostructural multilayered. The best
behavior was obtained by the multilayered period: K = 60 nm (50 bilayers), showing the maximum cor-
rosion resistance (polarization resistance of 1.18 KX, and corrosion rate of 1.02 mpy). Those results
indicated an improvement of anticorrosive properties, compared to the CrN/AlN multilayer system with 1
bilayer at 98 and 80%, respectively. Furthermore, the corrosion resistance of steel AISI D3 is improved
beyond 90%. These improvement effects in multilayered coatings could be attributed to the number of
interfaces that act as obstacles for the inward and outward diffusions of ion species, generating an incre-
ment in the energy or potential required for translating the corrosive ions across the coating/substrate
interface. Moreover, the interface systems affect the means free path on the ions toward the metallic
substrate, due to the decreasing of the defects presented in the multilayered coatings.
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1. Introduction

The PVD method via magnetron sputtering processes has
been used for coating cutting tools since the 1980s. Thus,
among the processes used for this purpose, magnetron sputter-
ing and its reactive variants have proven to be very successful.
Many studies reported in the literature that coating materials
such as TiCN (Ref 1), AlCN (Ref 2), YSZ (Ref 3), CrAlN (Ref
4), BiMnO3 (Ref 5), etc. have been synthesized with high
stability; confirm the advantages of the PVD process. Surface
engineering of metallic substrates with protective coatings like
single-layered hard coatings, such as TiCN, CrN, and AlN,
have played an important role a few years ago, due to their
mechanical and tribological properties reflected in higher

hardness and toughness, as well as in high corrosion resistance
compared to steel substrates used in industrial applications (Ref
6). In regards to this first generation coating, the CrN had been
used as a protective coating material because of its character-
istics such as high melting point, hardness, thermal conductiv-
ity, and corrosion resistance, all of this associated to its different
crystalline structures (cubic CrN and hexagonal Cr2N) (Ref 7).
Although these properties in the past were enough to guarantee
the growth and productivity of different industrial clusters,
nowadays, it is not, due to the rise in the production requests
which is involved each time, shorter work cycle, high
performance with more longevity of the different industrial
tools and mechanisms, moreover, without neglect to the
environmental demands. In the case of CrN coating, two ways
have been proposed to upgrade its properties. The first was
based on adding another element into the CrN coating to form
either a ternary coating or a composite coating, examples of
these are the CrAlN single-layered systems (Ref 4). The second
proposed was depositing two kinds of nitride coatings alter-
nately with the purpose of taking advantage of the multilayer or
superlattice arrangements, for instance TiN/ZrN (Ref 8), TiCN/
TiNbCN (Ref 9), CrN/NbN (Ref 10), and CrN/AlN systems
(Ref 11). Properties as corrosion resistance of CrN single layer
coatings have been enhanced in the past using NbN by way of
CrN/NbN multilayered systems. The enhancement on this
property is attributed to the number of interfaces that act as
obstacles for the inward and outward diffusions of ion species,
which together with the corrosion resistance of the NbN, avoid
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Bogotá, Columbia; and P. Prieto, Center of Excellence for Novel
Materials, Cali, Columbia. Contact e-mail: jcaicedoangulo@gmail.
com.

JMEPEG (2012) 21:128–136 �ASM International
DOI: 10.1007/s11665-010-9798-7 1059-9495/$19.00

128—Volume 21(1) January 2012 Journal of Materials Engineering and Performance



the attack of these ions over the steel substrates, protecting it
from catastrophic failure (Ref 12). For the past 7 years, the
study of CrN/AlN multilayer coatings has been focused on the
development of superlattice structures; because they have
shown good results related specifically to the improvement of
the mechanical properties and oxidation resistance as com-
pared to CrN single layer coatings applied on cutting tools
(Ref 4, 13). With the aim to widen the range of application of
multilayer systems, it is necessary to evaluate its stability under
corrosive atmospheres. The aim of this work is to evaluate the
influences of CrN/AlN multilayer coatings deposited onto steel
substrates with different bilayer periods, K, and bilayers
number, n, in their electrochemical nature compared with those
of uncoated AISI D3 steel substrates for possible surface
applications in processes with aggressive environments (e.g.,
polymer industry). For this purpose, silicon (100) and AISI D3
steel substrates were coated with CrN/AlN multilayer deposited
with bilayer periods (K) between 3 lm and 60 nm and bilayers
number (n) between 1 and 50, via a reactive magnetron
sputtering system with a total thickness of 3.0 lm.

2. Experimental Details

CrN/AlN multilayered were deposited on to silicon (100)
and AISI D3 steel substrates using a multi-target r.f. magnetron
sputtering system, with an r.f. source (13.56 MHz) for the
applied voltage bias on the substrate, and Cr and Al targets with
99.9% purity. The coatings were deposited on Si substrates due
to the preferential orientation which facilitates the analysis of x-
ray diffraction patterns, and has little influence on IR spectra. A
350 W magnetron power was applied to the Cr target, while a
power of 400 W was applied to the Al target. The deposition
chamber was initially pumped down to less than 59 10�6

mbar, using a gas mixture of Ar (92%) + N2(8%). Used was a
bias voltage of �50 V, the substrate temperature was around
250 �C and a substrate to target distance of 7 cm for all
coatings. During the deposition, chamber pressure was main-
tained at 29 10�3 mbar. For multilayered depositions, the
aluminum and chromium targets were covered periodically
with a steel shutter. Before deposition, the targets and substrates
were sputter-cleaned during 20 min. The thicknesses ratios of
AlN, CrN single-layered, and CrN/AlN multilayered systems
were obtained by means of a Dektak 3030 profilometer.

An exhaustive x-ray diffraction (XRD) study was carried out
for multilayered and homogeneous coatings in high angled
ranges with Bragg-Brentano configurations (h/2h) by use of a
PANalytical X�Pert PRO diffractometer with Cu Ka radiation
(k = 1.541 Å). High-angled XRD scans permitted character-
ization of the preferred-orientations related to textured growth.
The chemical composition of the single layer coatings was
determined by energy dispersive x-ray (EDX) analysis with a
high-purity Ge EDX detector for the reliable acquisition of
EDX spectra using a Philips XL 30 FEG. Analyses to identify
the characteristic bonds at single layer systems were done by
Fourier Transformed Infrared spectroscopy (FTIR) using a
Shimatzu 8000 (600-3500 cm�1) spectrometer which uses a
Nerst ceramic source. Superficial characteristics were deter-
mined using an Atomic Force Microscopy (AFM) from Asylum
Research MFP-3D� and Phenom FEI Scanning Electron
Microscopy (SEM) equipped with an optic light with a

magnification range of 525-24.0009 and a high sensibility
detector (multi-mode) for scattering electrons.

An electrochemical characterization of all coatings was
performed using a PC-14 Gamry model system. A three-
electrode electrochemical cell was used with a platinum counter
electrode and an Ag/AgCl electrode as the reference electrode.
The sample to be tested was the working electrode whose
surface area exposed to the corrosive medium was of approx-
imately 1 cm2. All the electrochemical tests were performed in
3.5% NaCl solution prepared with distilled water under free air
conditions at room temperature. The sample was cleaned in
distilled water before loading on the Teflon sample holder. The
sample was kept in the solution for enough time prior to the
potentiodynamic polarization study to establish the open-circuit
potential (EOCP) or the steady state potential. After getting the
stable open-circuit potential the upper and the lower potential
limits of linear sweep voltammetry were set at �0.25 up to
0.6 V, with respect to the EOCP, respectively. The sweep rate
was 0.5 mV/s. The corrosion potential (Ecorr) and the corrosion
current densities (icorr) were deduced from the Tafel plot (i.e.,
log i vs. E plot). Impedance measurements were conducted
using a frequency response analyzer. The spectrum was
recorded in the frequency range of 10 mHz-100 kHz with a
data density of five points per decade. The applied alternating
potential had root-mean-square amplitude of 10 mV on the
Ecorr. After each experiment the impedance data was displayed
as a Nyquist diagram. The corrosion evolution on surface
coatings was analyzed using optical microscopy (Olympus
PME-3) and Scanning Electron Microscopy (SEM).

3. Results and Discussion

3.1 Structural and Compositional Analysis of CrN/AlN
Multilayered Coatings

Figure 1 shows a typical XRD diffraction pattern of CrN/
AlN deposited onto a (100) silicon substrate with K = 300 nm
and n = 10. CrN and AlN layered within the multilayered
system were polycrystalline exhibiting diffraction peaks with a
preferential orientation (100) corresponding to w-AlN phase
located at 33.48�, other peaks at 72.40�, 77.50�, and 82.54�
corresponding to the planes (201), (004), and (202), respec-
tively, these were attributed to AlN structure. The diffraction
peaks at 37.88�, 44.12�, and 64.32� corresponding to the planes
(111), (200), and (220), respectively, for CrN cubic structure.
The diffraction peaks at 40.84� and 55.54� corresponding to the
planes (002) and (112), associated to Cr2N hexagonal structure
(Ref 14-16). These preferential orientations are in agreement
with JCPDF 00-025-1133 and JCPDF 00-011-0065 from AlN
and CrN ICCD cards, respectively. Regarding the lattice
parameter, obtained from the preferential orientation in the
AlN and CrN single-layered was as well as was the multilay-
ered system with bilayers number (n = 10) and bilayer period
(K = 30 nm), in this study the Nelson-Riley extrapolation
technique was employed in the refinement procedure to
determine the value of a0 and c0 (±0.0001 nm), because this
technique permits direct precision determination of the lattice
constant (see Table 1). The results show a compression of the
cell unit related to the value reported in the ICCD cards
mentioned before for w-Al-N (a0 = 0.311 nm and c0 =
0.497 nm) and Cr-N (FCC) (a0 = 0.414 nm), both in powder,
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when those were compared with Al-N and Cr-N single-layered
coating, and the CrN/AlN multilayered system deposited at r.f.
negative bias voltage of �50 V. From the lattice parameter
values in Table 1, it is possible to observe that the multilayered
system showed a less compressive residual stress than those of
single layers, this release stress effect is due to the inter-
faces which are characteristic of those multilayered systems
(Ref 17-19). On the other hand, a careful correction has to be
done in all stoichiometric analysis because EDX has low
reliability for nitrogen concentration. Therefore, EDX elemen-
tal concentrations were obtained using the ZAF correction
method; because certain factors related to the sample compo-
sition, called matrix effects associated with (atomic number (Z),
absorption (A), and fluorescence (F)), can affect the x-ray
spectrum produced during the analysis of electron microprobe
and therefore, these effects should be corrected to ensure the
development of an appropriate analysis. The correction factors
for a standard specimen of known compositions were deter-
mined initially by the ZAF routine. The relative intensity of the
peak K was determined by dead time corrections and a referent
correction for the x-ray measured. So, before each quantitative
analysis of an EDX spectrum, a manual background correction
and an automated ZAF correction was carried out (Ref 8).
Thus, Table 1 shows the energy-dispersive x-ray spectroscopy
(EDX) values of AlN and CrN single layered, respectively,
deposited with an r.f. negative bias voltage of �50 V. All
samples were observed via SEM and chemical analyses were
done with an amplification of 200009.

3.2 FTIR Analyses of AlN and CrN Single Layer Coatings

Figure 2(a) shows FTIR transmission spectra of aluminum
nitride coatings deposited on Si (100) in the range of 468 to
800 cm�1. After decombolution processes of the band associ-
ated to the wurtzite (w) phase, it was possible to observe the
presence of an active mode at 680 cm�1 correlated to the
wurtzite phase of the Al-N (Ref 20, 21), and at 540 cm�1

associated to Al-O stretching mode (Ref 22). There are five
bands around 485, 520, 615, 655, and 691 cm�1, associated to
Al-O stretching mode (Ref 23), to the Al-N band of phase
unstoichiometric productions (AlxNy) (Ref 24), and the last
three correspond to different optic modes of the hexagonal AlN
(Ref 25-27), respectively.

Figure 2(b) shows FTIR transmission spectra for chromium
nitride coatings deposited on Si (100) in the range from 300 to
1150 cm�1. In this result after decombolution processes
observed were active modes in the infrared, mainly a narrow
band located at 550 cm�1 associated to Cr-N bonds. Also noted
is an intensive second band located at 450 cm�1 correlated to
Cr-O bonds associated to the Cr2O3 (Ref 28-30). Finally, the
authors observed a low intensive band located at 1050 cm�1

which could be associated to Cr-N-Cr bonds.

3.3 Surface Analysis

3.3.1 AlN and CrN Single Layered. Atomic Force
Microscopy (AFM) was carried out to quantitatively study
the surface morphology in all samples. Figure 3 shows
29 2 lm images for the AlN (a) and CrN (b), with a z-scale
around 82.4± 2.0 and 18.7± 2.0 nm, respectively. From those
AFM images, the grain size and roughness values were
extracted. For the AlN and CrN coatings growth on steel
substrates, the roughness was found to be around 39.01± 2.2
and 27.03± 2.2 nm, respectively. This roughness difference
was found to be crucial in the surface quality of both samples,
indicating that AlN grows more disorderly than the CrN
coatings under the parameter chosen in this study. A top view
of 59 5 lm SEM images is presented in Fig 3(c) and (d) for
the AlN and CrN coatings, respectively, showing thus, an
irregular surface for the AlN coating, corroborated by the AFM
images.

3.3.2 CrN/AlN Multilayered. Figure 4 shows 29 2 lm
images for the n = 10 (a) and n = 50 (b) multilayered
systems, with a z-scale around 20.4± 2.0 and 4.7± 1.0 nm,
respectively. The grain size and roughness values were found
from those AFM images. For the multilayered system with
bilayer number n = 10 and n = 50 deposited on steel sub-
strate, the roughness was found to be around 17.80± 2.1
and 9.03± 2.6 nm, respectively. This roughness difference
between the single-layered coatings and the multilayered
systems is due to the individual layer thickness in the system

Fig. 1 XRD pattern of the CrN/AlN multilayered coatings with
K = 300 nm and n = 10

Table 1 Stoichiometric relationship determinate by EDX and lattice parameter of Al-N, Cr-N, and multilayer coatings

Composition
from single layered

Lattice parameters from single layered
Lattice parameters from multilayer with n = 10

and K = 30 nm

Hexagonal
w-AlxNy (100)a0, nm
and c0, nm

Cubic
FCC CrxNy (111)a0,

nm

Hexagonal
w-AlxNy (100)a0, nm

and c0, nm

Cubic
FCC CrxNy (111)a0,

nm

Al68N32 Cr65N35 0.303 and 0.499 0.410 0.308 and 0.498 0.411
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being reduced while the bilayer number is increased, gener-
ating a coating with lower surface roughness. The latter is
important in the estimations on the corrosion behavior of
these materials, because a surface with high roughness will
generate more corrosion points than a smoother surface. In
accordance with the before mentioned, it would be expected
that the multilayered system with n = 50 shows the best
corrosion resistance, even more than the single-layered and
the multilayered systems with less bilayers number (n). SEM
images (top view) are presented in the Fig. 4(c) and (d) for
the CrN/AlN multilayered system with n = 10 and n = 50,
respectively, theses images show a homogeneous surface

which confirms those observed by AFM images and EDX
analysis. On the other hand, the SEM image in the Fig. 4(e)
shows a first glimpse of stack sequences with the AlN and
CrN layer within multilayered systems deposited with
K = 150 nm (n = 20), before of the corrosive process. In this
micrograph, exhibited is a broken surface which permits
observe the layer slipping over the next layer in a deck type
effect. The darkest contrast of AlN layers with respect to CrN
ones allowed a clear determination of the layered structures.
This difference in color is due to the differences in scattering
values for both coatings (Ref 6). The clearest zones of the
image correspond to the AISI D3 steel substrate.

Fig. 2 FTIR spectra of (a) Al-N, (b) Cr-N coatings, deposited with a bias voltage of �50 V on Si (100)

Fig. 3 AFM and SEM images showing morphological surfaces in coatings deposited with a r.f. negative bias voltage of �50 V. AlN (a-c) and
CrN (b-d) single layered
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3.4 Electrochemical Analyses

Figure 5 shows the Nyquist diagram that corresponds to
the uncoated and coated steel AISI D3 substrate with AlN
and CrN single layer and CrN/AlN multilayered coatings. To
simulate the behavior in the interfaces of all coatings; used
was the circuit that corresponds to the Fig. 6 and Randles cell
for uncoated AISI D3 steel (Ref 31), which indicates that the
double-layer capacitance is in parallel with the impedance due

to the ions translation reaction (Ref 32). The polarization
resistance values increase when the bilayers number is
increased. This fact indicates that the mean free path for
ions movement across the whole coating is increased as the
bilayer period is decreased because the interface number is
increased and that the multilayered coating is characterized by
a lower porosity with respect to the other single layered.
Therefore, the alternated deposition of different thin layers
minimizes the presence of an interconnected porosity as is
shown in Fig. 10.

For the calculation of the total circuit impedance of Fig. 6,
used was the R1 and R2 resistances; the value of the solution
resistance (RX) was lower in relation to R1 and R2 resistances,
however, for calculus effect, RX was considered in the fitting of
the experimental spectra. The interface solution-multilayer and
the double-layer capacitances, CPE1 and CPE2, respectively,
were used for the calculation of the theory values in the total
impedance, which is necessary to diagnose the protection state
of the investigated multilayer system. Similar results are
reported by Bastidas et al. (Ref 33) and Aperador et al.
(Ref 34), which indicates that the CPE1-R1 couple, which
predominates at high frequencies, may be originated by the
passive coating and/or the dielectric properties of the single layer
andmultilayer systems, while the CPE2-R2 couple, controlling at
low frequencies, characterizes the corrosion process of the steel/
single layer and/or multilayer pore solution interfaces.

On the other hand, Tafel curves of the uncoated and coated
steel AISI D3 substrates with AlN, CrN, and CrN/AlN coatings
are presented in Fig. 7. These curves allow findings of anodic
and cathodic slopes values in each case, which are necessary to
calculate a correct value of the corrosion rate for all systems.
The corrosion potentials of the coated steel are more

Fig. 4 AFM and SEM images showing morphological surfaces in coatings deposited with a r.f. negative bias voltage of �50 V before of the
corrosive process. Multilayered system with (a-c) n = 10, (b-d) n = 50, and (e) n = 20

Fig. 5 Impedance diagrams for uncoated and coated steel AISI D3
with AlN and CrN single layered and CrN/AlN multilayered with
different bilayer periods (K)
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electropositive when the bilayers number (n) are increased and
bilayer period (K) is decreased generating more interface
numbers than that of the steel bulk material, even if the
uncoated steel is compared with the coated steel base on AlN or
CrN single layered the corrosion resistance is greater confirm-
ing thus, the protective effects of the coatings (Ref 35). The
protective corrosion behavior also is characteristic of the
multilayer structures with a lattice-mismatch; as a consequence
of the increase of the bilayers number (n) and the alternated
deposition of different single layered in a same whole coating
thickness, which minimizes the presence of an interconnected
porosity, decreases the coating roughness surface and increases
the coating density. The latter generates an increment in the
energy or potential required for moving the corrosive Cl� ions,
across the coating/substrate interfaces. Moreover, the interface
systems affect the mean free path on the ions toward the
metallic substrate, due to the decreasing of the defects
presented in the multilayered coatings (Ref 36).

From Tafel curves in Fig. 7 it is observed that the coated
steel for K = 3 lm, n = 1 shows the highest downward shift in
relation to other multilayer systems, which indicates high
corrosion susceptibility in the solution analyzed. The high
corrosion susceptibility is associated to the porosities and low
interface numbers presented in the bilayer (Ref 37). The
polarization resistance values determined by the Nyquist

diagrams were used for calculating corrosion rates from the
polarization curves, both values are showed in the Table 2.
These values clearly show that the corrosion resistance of steel
AISI D3 is improved beyond 90% for multilayer effects in
coating growths with K = 60 nm and n = 50.

3.5 Surface Corrosion Analysis

Optical and scanning electron microscopy analyses were
conducted on the coating surfaces immediately after finishing
the electrochemical measurements. Optical microscopy images
showing the different behaviors of the single-layered and
multilayered coatings after following identical electrochemical
processes are shows in the Fig. 8(a) h). The images taken
under identical conditions of amplification and illumination,
clearly display the degradation of the surface due to the NaCl
solution chemical attack for the AISI D3 steel substrate
uncoated (Fig. 8a), AlN (Fig. 8b), CrN (Fig. 8c) single layer
coatings and multilayered systems with K = 3 lm, n = 1
(Fig. 8d); K = 300 nm, n = 10 (Fig. 8e); K = 150 nm, n = 20
(Fig. 8f); K = 75 nm, n = 40 (Fig. 8g), and K = 60 nm,
n = 50 (Fig. 8h) deposited on AISI D3 steel. The degradation
levels depended evidently on the type of coating indicating
that for this study the multilayer with n = 50 (K = 60 nm) is
the most appropriate coating to reduce corrosion processes in
steel. On the other hand, the damaged regions observed from
the SEM images for the systems with n = 10 and n = 50
bilayers (see Fig. 9) in contrast with those before the
electrochemical tests (Fig. 4c-d), reveals that the corrosive
failure is because of defects at the coatings (e.g., pores, cracks,
etc.), which allow the corrosion mechanisms between aggres-
sive environment and the substrate surfaces (Ref 38). From
Fig. 9 it is possible to say that the coating with less corrosive
damage at the end of the electrochemical test is the system
with n = 50 (K = 60 nm).

Finally, with the aim to corroborate the observed by optical
and SEM images, it was calculated the porosity factor
associated to the different coatings in agreement with Tato
and Landolt (Ref 39), the porosity factor corresponds to the
ratio between polarization resistance of the uncoated substrates
and the coated substrates as showed in the next equation:

P ¼ Rp;u

Rp;r�u
ðEq 1Þ

where P is the total coating porosity, Rp,u is the polarization
resistance of the substrate uncoated and Rp,r�u is the measured
polarization resistance of coating-substrate system. In Table 2

Fig. 6 Electrical equivalent circuit used to fit impedance data of AlN and CrN single layered and CrN/AlN multilayered coatings

Fig. 7 Tafel curves of the coated and uncoated steel AISI D3 sub-
strates
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presented was the porosity factor values obtained, replacing
the electrochemical values on the Eq 1 for all coatings. The
analysis of porosity factor values applied in all coatings sug-
gests that the porosity factor decreased with the increasing of
the bilayers number and decreasing of bilayer period such as
is present in Fig. 10. Moreover, these results are in agreement
with the optical and SEM images shown in Fig. 8 and 9,
respectively.

4. Conclusions

The CrN/AlN multilayer structure was identified to be non-
isostructural multilayer of CrN and AlN phases. The preferen-
tial orientation for FCC CrN (112) and (100) hexagonal
structure (wurtzite-type) of AlN was showed via XRD. From
FTIR results it was possible to identify the characteristic

Table 2 Electrochemical values for uncoated and coated samples

Tech.
Parameter
measured

Evaluated system

AISI D3 AlN CrN

CrN/AlN

K = 3 lm,
n = 1

K = 300 nm,
n = 10

K = 150 nm,
n = 20

K = 75 nm,
n = 40

K = 60 nm,
n = 50

EIS Polarization
resistance, KX

9.39 10�3 2.349 10�2 2.549 10�2 2.899 10�2 3.279 10�2 2.559 10�1 1.07 1.18

Porosity factor, % … 39 36 32 28 3.6 0.9 0.7
Tafel Corrosion rate, mpy 10.95 6.28 4.75 5.30 4.05 2.33 1.26 1.02

Fig. 8 Optical microscope images at 109 of corrosion processes on (a) AISI D3 steel substrates uncoated, (b) AlN, (c) CrN single-layer coat-
ings and multilayered systems with (d) K = 3 lm, n = 1; (e) K = 300 nm, n = 10 (f) K = 150 nm, n = 20, (g) K = 75 nm n = 40 (h)
K = 60 nm and n = 50 deposited on AISI D3 steel
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bonding in both single layer coatings. The morphology and
surface characteristics were determined for all coating systems,
founding a homogeneous surface for all coatings.

Maximum corrosion resistance was obtained when the
bilayer period K was 60 nm and the bilayer number was 50
due to the lowest polarization resistance and corrosion rate
value, 1.18 KX and 1.02 mpy, respectively, which means an
increase of around 90% of the surface performance for AISI
D3 steel substrates under corrosion processes, such as was
presented by Tafel curves. These enhancement effects in the
CrN/AlN multilayered coatings could be attributed to the
lowest surface roughness corroborated by AFM images and
the porosity factor values, this last suggests that the porosity
factor decreased with the increasing bilayers number and
decreasing of bilayer period. In addition, the increase of the
bilayers number (n) and decrease of bilayer period (K) with
the alternated deposition of different single layered in a same
whole coating thickness, not only minimizes the presence of
an interconnected porosity in the coatings as was corroborated

by optical and SEM analysis, but also increment the energy or
potential required for moving the corrosive Cl� ions across the
coating/substrate interfaces, which finally is showed as
multilayered systems that exhibit better performance against
corrosion.
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Hard Coating Performance Enhancement by Using [Ti/TiN]n, [Zr/
ZrN]n and [TiN/ZrN]n Multilayer System, Mater. Sci. Eng. B, 2010,
171, p 56–61

9. J.C. Caicedo, C. Amaya, L. Yate, G. Zambrano, M.E. Gómez, J.
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