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Abstract

The pitting corrosion resistance and the tribological behaviour of a ferritic stainless steel
with high Mo content (AISI 436) and a commonly employed austenitic stainless steel
(AISI 304) are compared. Special attention was paid to the role of Mo in improving corrosion
resistance of ferritic stainless steels. Since the surface condition is an important parameter
related to the onset of pitting corrosion in the presence of chlorides, three different surface
finishes were tested for both steels. Two commercial finishing grades and laboratory
polishing down to 1 pm were compared. Moreover, the influence of surface condition on
the tribological properties for both steels was also evaluated. The study demonstrates that
surface finishing plays a decisive role in both the electrochemical and mechanical response
of stainless steels. A comprehensive microstructural and tribological analysis reveals not
only how commercial finishing treatments modify passive film behaviour, but also how
they affect friction stability and wear mechanisms. Special emphasis is placed on the
synergistic effect between molybdenum content, passive film integrity and manufacturing
processes. The obtained results provide valuable insight for industrial applications where
durability against chloride exposure and abrasion is critical.

Keywords: stainless steel; pitting corrosion; wear behaviour; 2B condition; BA condition

1. Introduction

Austenitic stainless steels are the most popular corrosion resistant materials used
in many applications due to their excellent corrosion resistance and good mechanical
properties. These materials derive their corrosion resistance from the formation of a thin
passive film on the surface in several environments [1-3]. So, because of their high corrosion
resistance, stainless steels also often have applications as architectural materials such as
roofs and walls of buildings [4-7]. In those applications, the evaluation of stainless steels
from an aesthetic point of view is important because a large loss in appearance or aesthetic
degradation may occur due to “cosmetic corrosion” [8-10].

In aggressive chloride-containing environments, such as marine or industrial atmo-
spheres, carbon steels exhibit poor durability due to rapid corrosion, making stainless
steels the preferred choice. Among them, austenitic grades such as AISI 316L are widely
used because of their excellent resistance to chloride-induced corrosion; however, they
present an important drawback, namely the relatively high cost associated with their nickel
content [11-13]. Ni is one of the alloying elements that significantly increases the cost of
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austenitic stainless steels, more than other alloying elements such as Mo [14-17]. The use of
ferritic stainless steels with high Mo content is becoming a good alternative as a replacement
for austenitic stainless steels, due to their excellent corrosion resistance and relatively low
cost. The presence of Mo is widely recognised for its beneficial effect on the corrosion resis-
tance of stainless steels and has been studied extensively in the literature [18-21]. However,
the sole presence of Mo is not sufficient to prevent pitting, and the surface condition is a
key parameter related to the onset of pitting corrosion in the presence of chlorides [22-26].

Although the comparison between AISI 304 and AISI 436 does not isolate molybdenum
as a single variable, published studies on ferritic stainless steels with different Mo contents
provide a consistent basis for interpretation. Previous work on low-Mo and Mo-free
AISI 436 grades shows that increasing Mo content markedly improves pitting resistance
by enhancing passive film stability in chloride environments. These trends support the
present comparative approach and allow the role of molybdenum to be discussed within
an established corrosion framework [27-29].

In this work, the corrosion and tribological behaviour of a ferritic stainless steel with
high Mo content (AISI 436) was studied and compared with a highly employed austenitic
stainless steel (AISI 304). Moreover, the influence of the surface condition on the corrosion
resistance was analysed using three different surface finishing degrees [30-33]: commercial
finishing 2B and BA (ASTM 480 A), and polished down to 1 um. Prior studies have
demonstrated that the surface finishing significantly affects the pitting resistance and
tribological / tribocorrosion behaviour in both ferritic and austenitic stainless steels [34,35].

The 2B surface condition is obtained when the cold-rolled steel sheet is subjected
to annealing in an oxidising atmosphere, during which a thin but adherent oxide scale
forms on the surface. After annealing, the sheet undergoes acid pickling, typically using
mixtures based on nitric and hydrofluoric acids, to remove the scale and restore the metallic
surface. This treatment is followed by water rinsing, during which a new passive film
spontaneously forms. The resulting 2B finish is smooth, matte, and uniform, making it one
of the most common commercial finishes for stainless steels due to its balance between
good corrosion resistance, low roughness, and relatively low cost. The microstructure
and morphology of the passive film formed after pickling are strongly influenced by the
chemical composition of the alloy and the details of the pickling process, which in turn
affects the pitting behaviour.

The BA (Bright Annealed) surface condition is achieved when the cold-rolled steel
sheet is annealed in a controlled, reducing atmosphere, typically rich in hydrogen. In
this environment, oxidation is suppressed and no scale is formed, so the characteristic
metallic brightness of the steel is preserved. Because of this, no pickling step is required.
The surface remains highly reflective and smoother than 2B, with lower roughness values.
However, even in reducing atmospheres, small amounts of residual water vapour can lead
to the formation of an ultra-thin oxide film which resembles a passive film and contributes
to the corrosion behaviour of the BA surface. This finish is widely used in applications
where aesthetic appearance is important, such as architectural cladding or household
appliances, and is known to provide improved resistance to initiation of pitting due to its
lower defect density.

2. Materials and Methods
2.1. Materials

Samples of AISI 304 and AISI 436 steels were cut from industrial stainless steel sheets,
0.8 mm thick, with two different surface finishes, 2B and BA, as above mentioned. The

sheets were supplied by ACELOR METAL S.A. (Madrid, Spain) and produced according
to the harmonised standard UNE-EN 10088-2 [36], which defines the surface finishes
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and associated industrial processing routes for flat stainless steel products. The chemical
composition of both steels is given in Table 1.

Table 1. Chemical composition in wt.% of the Stainless Steels used in this study.

Element Fe C Cr Ni Si Mn Mo
AISI 304 Wt.% Bal. 0.05 18.20 8.05 0.05 1.10 -
AISI 436 0.04 17.50 - 0.04 0.50 1.25

Square coupons (2 mm X 2 mm) were cut from the industrial sheets for the elec-
trochemical and mechanical studies. Part of those samples were mechanically polished
down to 1 pm with colloidal silica. This finishing (P) was used as reference. Prior to each
experiment, all the samples were degreased in an ultrasonic bath with acetone/ethanol
mix, rinsed with distilled water, and dried.

2.2. Corrosion Measurements

Corrosion experiments were performed at room temperature in a conventional three
electrode, all glass cell, where the working electrode was the corresponding stainless steel
(0.28 cm? exposed area). A Pt mesh was used as an auxiliary electrode, and a saturated
calomel electrode, SCE (SCE, 0 mV SCE = +242 mV vs. Hy), as a reference one. The
employed medium was a 3.5% NaCl solution, whose pH was adjusted at 7.9 by adding
NaOH solution (Scharlab, Barcelona, Spain). Electrochemical tests were performed using
cyclic voltammetry (cyclic potentiodynamic polarisation) with a potentiostat Autolab
PGSTAT 30 (Ecochemie, Utrecht, The Netherlands). The GPES software (Nova 2.1.8)
was used to register the voltammetric curves. The cyclic voltammograms started in the
cathodic potential region, E = —600 mV, and the potential was increased in the anodic
direction at 1 mV-s~! until the current density reached 10* pA cm~2. Then, the potential
scan was reversed until reaching the starting value. To check the reproducibility of the
results, the tests were carried out on two samples of each type, obtaining fully equivalent
curves. Each electrochemical test was repeated four times for each material and surface
condition (two independent coupons, two measurements per coupon), yielding highly
reproducible responses.

2.3. Surface Analysis

To analyse the surface condition of the specimens and the possible existence of impres-
sion defects, a morphological analysis was performed using a JEOL JSM-6510 scanning
electron microscope (JEOL Ltd., Tokyo, Japan) equipped with an energy dispersion spec-
trometer (EDS) and INCA Energy software (Version 4.13). Thus, the study was carried
out before and after mechanical testing to assess the integrity of the joint between struts
and spheres, and to characterise the fracture surfaces of 3D printed specimens. Secondary
electron images were taken with a voltage of 20 kV, and the specimens were coated with
a thin layer of Au using ion sputtering to improve the conductivity and minimise the
charging effects.

2.4. Tribological Behaviour

The pin on disc wear testing machine Microtest MC4002 tribometer (Microtest S.A.,
Madrid, Spain) was employed to evaluate the wear resistance of the tested samples [13,14].
Wear tests were conducted at room temperature, humidity of 35-45%, and a velocity of
0.1 ms~!. Alumina pins, diameter = 6.5 mm, were employed as counter face. The tests
were carried out using 5 N load. After 1100 m, the samples were taken out of the wear
machine and characterised. After wear testing, the surfaces were examined by SEM to
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observe whether any changes in the wear behaviour mechanism occurred as a result of
different final finishes.

3. Results and Discussion
3.1. Surface Analysis and Corrosion Tests

Given the strong influence of surface condition on the electrochemical stability of
stainless steels, a detailed characterisation of the initial surface state is essential to properly
assess their corrosion response. Variations in surface morphology, roughness, defect density,
and passive film structure arising from different finishing processes can significantly alter
pit nucleation sites and determine the onset of localised corrosion in chloride-containing
environments. In this context, surface analysis provides critical insight into the topographic
and microstructural features introduced by the 2B, BA and polished finishes, enabling
the identification of processing-induced irregularities that may compromise passive film
integrity. Complementary corrosion tests were subsequently performed to evaluate the
breakdown and repassivation behaviour of the passive layers formed on each surface
condition. The combined approach allows establishing a direct correlation between the
characteristics of each industrial finish and the resulting pitting susceptibility of both
stainless steels.

3.1.1. Polished Finish to 1 um (P Condition)

The surfaces of both steels with a 1 pm polished finish were examined before and after
the corrosion tests. Figure 1 shows the micrographs obtained for both materials prior to the
electrochemical measurements. In both cases, the surface appears uniform, free of visible
discontinuities or defects, and exhibiting a comparable morphology. This confirms that the
polishing process produced similarly smooth and homogeneous surfaces for the two steels,
ensuring that any differences observed during corrosion testing can be attributed primarily
to their intrinsic material properties rather than to initial surface irregularities.

alum

S0um
(a) (b)
Figure 1. SEM images for (a) AISI 304 and (b) AISI 436 with P condition.

Figure 2 presents the polarisation curves obtained in a 3.5% NaCl solution for AISI 304
and AISI 436 steels, polished to 1 um. In both materials, a well-defined passive region is
observed up to a critical potential, at which the current density rises sharply, without any
indication of oxygen evolution. This abrupt increase corresponds to the pitting potential,
Ep, marking the onset of pitting corrosion. Once a pit is nucleated at E,, its growth
and propagation proceed through an active dissolution mechanism, which continues
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even during the reverse scan. The reverse scan begins when the current density reaches
10* A cm~2, and pit repassivation is identified at the potential where the reverse curve
intersects the forward scan.
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Figure 2. Cyclic voltammograms obtained in 3.5% NaCl solution for AISI 304 and 436 with 1 um
surface finish from —0.6 V to Ep at 1 mV s L.

As shown in Figure 2, cyclic voltamograms for both steels with the 1 um finish
exhibit a very similar morphology. Although AISI 304 shows slightly superior performance
(reflected in its lower passive current density and higher repassivation potential) the overall
protective efficiency of the native passive films formed on AISI 304 and AISI 436 in this
chloride-containing medium can be considered comparable. In fact, the pitting potential
for both steels is approximately 0.5 V, indicating a similar susceptibility to pit initiation.

This behaviour is consistent with recent studies reporting that the presence of Mo
in the ferritic phase enhances the corrosion resistance of ferritic stainless steels, thereby
approaching the performance observed in austenitic steel. The current density measured
throughout the analysed potential range is lower for the austenitic steel, a trend attributed
to the role of Ni in the formation and stabilisation of the passive film. Nickel promotes the
development of a more protective, less reactive passive layer, which explains the reduced
anodic currents observed for AISI 304.

After both steels were subjected to the cyclic voltammetric measurements, the surfaces
of AISI 304 and AISI 436 exhibited several pits, with no significant differences observed
between both materials in terms of pit density or general appearance. Figure 3a,b show
representative images of individual pits formed on AISI 304 and AISI 436, respectively.
These images illustrate that, despite their different microstructures, both steels display
comparable pitting morphologies under the tested chloride-containing conditions.

The pits observed on both steels, in terms of their number and morphology, are con-
sistent with the similar current values recorded during the reverse scan. This correlation
highlights that both materials exhibit a similar corrosion behaviour in chloride-containing
environments. The close agreement between pit characteristics and electrochemical re-
sponses indicates that the mechanisms governing pit initiation and propagation are essen-
tially equivalent for AISI 304 and AISI 436 under the tested conditions.
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(a) (b)
Figure 3. SEM images for pitting corresponding to (a) AISI 304-P and (b) AISI 436-P after corrosion test.

3.1.2. AISI 304 and AISI 436 Steels with ASTM 2B Finish

The surfaces of both steels with an ASTM 2B finish were examined by SEM. The
micrographs depicted in Figure 4, show the aspect of the surfaces before cyclic voltammetry
measurements for AISI 304 and AISI 436.

(b)

Figure 4. SEM images corresponding to (a) AISI 304-2B and (b) AISI 436-2B before corrosion tests.

As can be seen, the surface appearance resulting from the ASTM 2B finish on both
steels is very different.

In the case of AISI 304 steel, it is possible to see areas with relief, clearly delimited by
well-defined boundaries. However, the same industrial finish on AISI 436 steel exhibits a
different appearance: instead of areas with relief, the surface shows regions separated by
parallel lines, between which numerous particles can be observed. This suggests that the
same surface finish alters the surface of stainless steel in different ways.

The cyclic voltammograms obtained for AISI 304 and AISI 436 with ASTM 2B surface
condition are depicted in Figure 5.

Cyclic voltammetry measurements indicate that AISI 436 exhibits a more anodic pas-
sive breakdown potential compared with AISI 304, confirming its slightly higher resistance
to passive film rupture under the tested conditions.
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Figure 5. Cyclic voltamograms obtained in 3.5% NaCl solution at 1 mV s~ for AISI 304 and 436 with
ASTM 2B finish, from —0.6 V to E corresponding to 10% uA cm 2 for each material.

The curve obtained for AISI 304 with the 2B finish shows noticeable current fluctua-
tions beginning at approximately 0.286 V, behaviour that is not observed in the correspond-
ing curve recorded for AISI 436-2B. From E = 0.38 V onwards, a continuous increase in
current density is detected, allowing this potential to be identified as the pitting potential.
These fluctuations reflect successive breakdown events of the passive film and the nucle-
ation of multiple pits on the surface. In contrast, the ferritic steel displays a response similar
to that shown previously in Figure 2, with stable passivity maintained until approximately
E =0.5V, at which point passive film breakdown occurs.

After the electrochemical experiments, the surfaces of both steels were examined using
SEM. Figures 6 and 7 show the surface after polarisation tests corresponding to AISI 304
and AISI 436, respectively.

As shown in Figure 6, the surface appearance of AISI 304-2B before and after polarisa-
tion is largely similar. The main difference lies in the presence of numerous corrosion pits.
These pits exhibit a consistent morphology, typically showing a circular geometry, which is
characteristic of chloride-induced pitting in austenitic stainless steels.

When comparing the polarisation curves presented in Figures 2 and 5, it becomes evi-
dent that the ASTM 2B surface condition has a pronounced influence on the electrochemical
behaviour of AISI 304-2B. The pitting potential decreases by approximately 100 mV relative
to the reference (AISI 304-P condition), and metastable pit activity is observed within
the 0.2-0.4 V potential range. In contrast, the AISI 436—2B sample shows no significant
deviation from the behaviour reported for the polished condition in Figure 2.
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Figure 6. SEM micrographs corresponding to the surface of AISI 304 steel with a 2B surface finish
after the cyclic voltammetry test.

T00um

300um

Figure 7. SEM micrographs corresponding to the surface of AISI 436-2B steel after the cyclic voltam-
metry test.

For the austenitic steel, the industrial processing associated with the 2B finish ap-
pears to induce sensitization of the grain boundaries or to generate a higher density of
micro-defects on the surface. These features act as preferential active sites where pit nu-
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cleation can readily initiate under chloride exposure. In contrast such sensitization effects
are not observed in the ferritic stainless steel, whose microstructure is intrinsically less
prone to boundary-related activation in chloride media. These differences in surface con-
dition and microstructural susceptibility explain the divergent electrochemical responses
described above.

The AISI 436-2B sample exhibited a similar number of pits, with comparable morphol-
ogy, to those observed in the laboratory-polished condition, reinforcing the conclusion that
the 2B finish does not significantly alter the pitting behaviour of the ferritic steel.

3.1.3. AISI 304 and AISI 436 Steels with ASTM BA Finish

The surfaces of both steels with ASTM BA finish were examined by SEM before cyclic
voltammetry tests. The micrographs, depicted in Figure 8, show the aspect of the surfaces
for AISI 304 and AISI 436, respectively, with BA finish before corrosion tests.

Elmt

0 K
Al K
cr K
Fe K
Mo L

Total

(@) (b)

Figure 8. SEM images corresponding to (a) AISI 304-BA and (b) AISI 436-BA before corrosion tests.

Dark areas are observed in Figure 8b, corresponding to AISI 436-BA steel, which are
not visible in AISI 304-BA steel with the same finish. An EDS analysis was performed to
obtain more information about these imperfections. The results of the analysis are shown
in Figure 9.

Spect. Element Atomic
%

Type
ED 21.64 45.14
ED 12.02 14.87

ED 12.14 7.80
ED 53.41 31.92
ED 0.78 0.27

10
Energy (keV)

Figure 9. EDS results corresponding to a dark area observed in AISI 436-BA.
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The EDS analysis on these areas revealed the presence of aluminium and oxygen
in percentages close to 12% and 21%, respectively, which suggests Al oxide inclusions.
These particles come from the final stages of surface processing. Such inclusions were
not observed in the austenitic steel, probably because of the mechanical properties of the
austenite phase that hinder the inclusion.

Figure 10 shows cyclic voltammograms obtained for austenitic and ferritic stainless
steels with BA surface conditions.

T T T T
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1o°:
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1072k
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—— AISI 436-BA
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Figure 10. Cyclic voltammetry curves obtained in 3.5% NaCl solution at 1 mV s~! for the AISI 304
and 436 steels with ASTM BA finish, from —0.6 V to Ep (i = 10* pA cm—2).

The polarisation scans show that the BA finish substantially enhances the corrosion
resistance of both steels, shifting the pitting potentials toward more anodic values. This
indicates that the smoother and more homogeneous surface produced by the BA finishing
process promotes the formation of a more protective passive film.

When comparing the two steels, the pitting potential is markedly more noble for AISI
304-BA (1.25 V) than for AISI 436-BA (0.86 V). This difference reflects the greater intrinsic
stability of the passive film formed on the austenitic grade, which benefits from the presence
of Ni and its associated enhancement of film compactness and chromium enrichment.

Within the passive region, the ferritic steel exhibits lower current density values than
the austenitic steel. This behaviour is associated with reduced ionic mobility through the
passive film formed on the BA-finished ferritic steel, suggesting the development of a more
resistive layer. Consequently, although AISI 304-BA displays a higher pitting potential,
AISI 436-BA film demonstrates superior stability within the passive domain, due to its
more insulating passive film.

After the cyclic voltammetry test, the surfaces were examined. In Figure 11, the surface
subjected to electrochemical attack belonging to AISI 304 with BA finish is shown.
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Figure 11. SEM micrograph for AISI 304-BA and after cyclic voltammetry measurements.

The tested surface shows signs of corrosion distributed across different areas; however,
no pits with the typical morphology expected for this type of material were observed. This
suggests that the BA finish limits pit formation, thereby enhancing the corrosion resistance.
The smoother and more uniform surface associated with the BA finish likely promotes
the development of a more stable and protective passive film, preventing the localised
breakdown events.

The surface appearance of AISI 436-BA after the corrosion tests is shown in Figure 12.

Figure 12. SEM micrographs for AISI 436-BA after cyclic voltammetry measurements in 3.5%
NaCl solution.
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No pitting was observed on the surface of this steel. The dark regions, corresponding to
inclusions present in the material, are the areas where corrosion attack is most pronounced.
The presence of aluminium oxide inclusions in the ferritic steel accounts for the lower
pitting potential recorded in Figure 10, as such inclusions locally disrupt the passive film
and act as preferential sites for corrosion initiation.

Thus, the surface analysis of both steels, together with the observed shift in the pitting
potential toward more noble values, strongly suggests that the BA finish provides enhanced
corrosion resistance for both materials. The improved smoothness and homogeneity of
the BA-treated surface promote the formation of a more stable passive film, reducing the
likelihood of localised breakdown and increasing resistance to pitting corrosion.

3.2. Friction and Wear Behaviour

To analyse the influence of the surface finish, the data obtained from the wear tests
can be clearly divided into two distinct regions when industrial finishes are considered.
The first region corresponds to the initial metres of the test and is strongly governed by
the characteristics of the surface finish. During this stage, the roughness, texture, and
microdefects inherent to each industrial finish determine the real contact area, the ease
of oxide film formation, and the initial evolution of the friction coefficient. As a result,
the tribological response is highly sensitive to the topographic features introduced by the
finishing process.

The second region reflects the intrinsic behaviour of the steel, once the initial surface
effects have diminished and the system transitions into a more stable sliding regime. In this
stage, the influence of the industrial finish becomes secondary, and the dominant factors
are the material’s microstructure, its tendency to form stable tribolayers, and the prevailing
wear mechanisms (oxidative, abrasive, or adhesive). Consequently, differences in friction or
wear rate observed in this second region provide insight into the fundamental tribological
behaviour of the steel, independent of the initial surface topography.

3.2.1. AISI 304 with 2B and BA Condition

The results of the wear test for AISI 304 are shown in Figure 13. No steady state is
reached, and the coefficient of friction fluctuates between 0.6 and 1.1. During the initial
stages of the test, the influence of surface condition on the friction coefficient appears to
be relatively minor for the austenitic steel. The maximum coefficient of friction is reached
after the first 8 m for the ASTM BA finish, whereas in the case of the 2B finish, it is reached
after only 2 m.

In Figure 13a, corresponding to AISI 304 without industrial finishing, the evolution of
the friction coefficient is unstable throughout the entire test. Once the pin contacts the base
material, the coefficient stabilises around 0.6 until a distance of approximately 90-100 m.
Beyond this point, the coefficient progressively increases until reaching values close to 0.95.
However, the curves do not remain stable around this upper value, since, after certain
intervals, the friction coefficient periodically drops back to 0.6, maintains this level for a
short distance, and then increases again toward 0.95.

The initial increase in the coefficient of friction from low values, observed in sam-
ples with ASTM 2B and BA finishes, can be attributed to surface roughness. The initial
roughness—resulting from cold rolling—reduces effective contact between the pin and the
sample, producing a smaller real contact area than the apparent one and leading to low
initial friction. As the test progresses, surface roughness is gradually reduced, increasing
the number of contact points and, therefore, the friction coefficient.
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Figure 13. Evolution of friction coefficient during the wear test of the AISI 304 steel with different

surface conditions ((a) P condition, (b) 2b condition and (c) BA condition).
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In contrast, samples with a P condition exhibit higher initial roughness, which in-
creases the real contact area from the onset of the test. As a consequence, higher friction
coefficient values are observed during the first metres of sliding.

To better understand the origin of the oscillations observed in the distance—friction
curves of AISI 304 steel, two complementary tests were conducted under controlled stop-
ping conditions. Each test was interrupted manually at the precise moment when the
friction coefficient reached either the upper limit (approximately 1.1) or the lower limit
(approximately 0.6). This procedure allowed a direct comparison between the morphology
of the wear track under high-friction and low-friction states, providing valuable insight
into the mechanisms underlying the periodic variation in the coefficient of friction.

Figure 14a illustrates the condition associated with the higher friction value. Under
this state, the worn surface is uniformly coated with clusters of amorphous particles. These
agglomerates are distributed densely across the wear path and tend to align perpendicular
to the sliding direction, suggesting that they originate from repeated micro-adhesion
and subsequent plastic deformation during the test. The complete coverage of the wear
track by these clusters indicates a predominance of adhesive phenomena, where material
transfer and accumulation foster increased resistance to sliding, thereby elevating the
friction coefficient.
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Figure 14. SEM images corresponding to the wear test when the friction coefficient reaches the
maximum value (a) and minimum value (b) for AISI 304-P steel.

Figure 14b corresponds to the moment when the test was stopped at the minimum
friction value. In this case, the morphology of the wear track differs significantly. The inner
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region of the track still exhibits a surface morphology comparable to that observed under
high-friction conditions, indicating that particle accumulation had previously occurred
there. However, the outer region is markedly different: the particle clusters are partially or
completely absent. This absence reveals that, in the low-friction state, a detachment process
has taken place, removing the previously accumulated clusters from the outermost areas of
the wear track. This detachment exposes a smoother surface, reducing the real contact area
and consequently lowering the coefficient of friction.

These observations support the conclusion that the wear behaviour of AISI 304 steel is
governed by a cyclic or mixed adhesion, detachment mechanism involving clusters of wear
particles. When adhesion dominates, particle clusters accumulate and spread across the
wear track, increasing the friction coefficient. When detachment processes prevail, these
clusters are locally removed, particularly from the outer zones of the track, resulting in a
transient reduction in friction. The periodic alternation between these two states explains
the oscillatory pattern observed in the friction—distance curves, in which the coefficient re-
peatedly rises due to cluster accumulation, and subsequently drops as these clusters detach.

3.2.2. AISI 436 with 2B and BA Condition

The data collected from the wear tests for AISI 436 steel are presented in Figure 15. It
is noteworthy that, in contrast to the behaviour observed for the austenitic AISI 304, all
friction coefficient values for the ferritic steel remained remarkably stable throughout the
entire test, regardless of the surface condition examined. The coefficient of friction exhibited
minimal fluctuations and maintained an average value close to 0.95 under all tested finishes.
This marked difference can be directly linked to the wear mechanisms typically observed
in ferritic stainless steels. Due to their body-centred cubic (BCC) structure, ferritic steels
generally exhibit lower work-hardening capacity and more limited plastic deformation
capability compared with austenitic steels. As a consequence, their wear response is
dominated by mechanisms such as mild oxidative wear and abrasion, rather than severe
adhesive wear or the cyclic adhesion—-detachment phenomena observed in austenitic steels.

However, the influence of the surface condition becomes evident during the initial
stages of the test, prior to the stabilisation of the friction coefficient. In these early phases, all
AISI 436 samples exhibited a gradual increase in friction as the sliding distance progressed.
The duration of this transient regime varied significantly depending on the surface finish.
For the ASTM 2B finish, the coefficient of friction reached its steady-state value after
approximately 8 m of sliding. In contrast, the BA finish required an order of magnitude
more distance (around 90 m) before stabilisation was achieved.

This marked difference indicates that the tribological film formed on the BA-finished
surface develops more slowly but exhibits greater adhesion once established. The longer
transition period suggests that the initial surface morphology of the BA finish favours
the formation of a more persistent and coherent tribolayer, whereas the 2B finish allows
a faster accommodation of the surface but results in a less adherent film. Consequently,
even though both surfaces eventually converge to a similar steady-state friction value,
the kinetics of tribolayer formation appear to be strongly dependent on the initial surface
condition. SEM micrographs of the worn surface for the AISI 436-P are shown in Figure 16.

The wear tracks exhibit alternating regions of smooth surface and large agglomerates
of particles. These clumps are composed of a mixture of base material and oxide debris.
Oxidation is a characteristic process in this type of tribological test, as the wear mechanisms
inevitably involve the detachment of small fragments from the surface. Once detached,
these particles oxidise rapidly due to the temperature rise and continuous exposure to the
surrounding environment during sliding.
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Figure 16. SEM micrographs obtained for the AISI 436-P steel on the worn surface. The white arrow
indicates sliding direction.

As the test progresses, the oxidised debris tends to accumulate preferentially in the
rougher areas generated by the interaction between the pin and the sample. These as-
perities act as anchoring points that favour particle retention and promote the formation
of compacted agglomerates. In contrast, smoother zones of the wear track hinder such
accumulation, resulting in a heterogeneous morphology where highly oxidised particle
clusters coexist with relatively smooth regions shaped by the sliding process.

Thus, the influence of surface condition on the early friction evolution in AISI 436 can
be interpreted in the context of ferritic wear mechanisms: rapid oxidative film formation
in rougher surfaces (2B), versus slower but more adherent film development in smoother
surfaces (BA). In both cases, the predominance of oxidative wear leads to the highly stable
steady-state friction behaviour that distinguishes ferritic steels from austenitic steels.

The results obtained in this study are in good agreement with previous works reporting
the beneficial role of molybdenum in enhancing the pitting corrosion resistance of stainless
steels, particularly in chloride-containing environments [17-21,26]. Likewise, the strong
influence of surface finishing on passive film stability and wear behaviour observed here is
consistent with earlier studies addressing the role of surface integrity and defect density on
localised corrosion and tribological response [22-24,33-35].

However, unlike most published works, which typically focus on either corrosion
or wear behaviour separately, or analyse a single surface condition or alloy family, the
present study provides a combined and systematic comparison between a high-Mo ferritic
stainless steel (AISI 436) and a conventional austenitic grade (AISI 304) under identical
experimental conditions, simultaneously considering three representative industrial and
laboratory surface finishes (2B, BA and polished). This integrated approach allows direct
assessment of the synergistic effects between alloy composition, surface condition and
passive film stability on both pitting corrosion and sliding wear behaviour.

From an industrial perspective, the results demonstrate that, when an appropriate
surface finish is employed, particularly the BA condition, the ferritic AISI 436 steel can
achieve corrosion and tribological performance comparable to, or in some aspects exceeding,
that of AISI 304, supporting its viability as a cost-effective alternative in applications where
both durability and aesthetics are critical. Future work will focus on extending this analysis
to tribocorrosion conditions, longer exposure times, and additional ferritic grades with
varying Mo contents, as well as on advanced surface characterisation techniques to further
elucidate passive film chemistry and degradation mechanisms.
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4. Conclusions

In this investigation, it was demonstrated that the BA surface condition significantly
improves the corrosion resistance of both steels. Furthermore, it is noteworthy that no
substantial differences were observed between the pitting corrosion resistance of AISI 436
and AISI 304 when the surface finish was polished. This result highlights the beneficial
role of Mo in ferritic stainless steels, which enhances their corrosion resistance to levels
comparable to AISI 304 austenitic steel.

e  For the polished condition (1 um), AISI 436 exhibits resistance comparable to AISI
304, confirming the beneficial effect of Mo in stabilising the passive film in chloride-
containing environments.

e  The 2B finish penalises the pitting resistance of AISI 304, showing increased metastable
activity and a lower Ep, whereas AISI 436 remains unaffected, indicating reduced
sensitivity to surface defects.

e In AISI436-BA, Al,O;3 inclusions act as preferential sites for attack and account for its
lower E, compared to AISI 304-BA.

e In AISI 304-2B, microstructural defects and a higher density of surface imperfections
promote early pit nucleation.

Regarding wear behaviour, as expected, differences associated with surface finish
were only evident during the initial metres of sliding. In this transient stage, the surface
condition strongly influenced friction evolution and tribolayer formation. Once steady-state
conditions were reached, the effect of surface finish diminished. Overall, superior wear
performance was observed for the ASTM BA surface condition, which provided more
stable friction values and improved resistance to surface damage.

e Differences in surface finishing influence only the initial sliding regime, without
affecting the steady-state behaviour.

e  AISI 304 exhibits a cyclic adhesion-detachment mechanism, responsible for pro-
nounced oscillations in the friction coefficient.

e AISI 436 shows stable tribological performance with a COF = 0.95, dominated by mild
oxidative and abrasive wear without abrupt transitions.

e  The BA finish produces more stable tribolayers and yields superior overall sliding
performance for both alloys.

o  The Mo content in AISI 436 enables its pitting resistance to match or surpass that of
AISI 304 under properly controlled surface conditions, positioning it as a cost-effective
and viable alternative.

Overall, the results confirm that both corrosion and wear behaviour are strongly
governed by the interaction between alloy composition, surface integrity and passive
film stability, with the BA finish consistently offering the best balance between corrosion
resistance and tribological performance. From a broader perspective, the originality of
this work lies in the combined and systematic evaluation of alloy composition (ferritic
high-Mo AISI 436 versus austenitic AISI 304), surface finishing (2B, BA and polished to
1 pm) and functional performance under identical experimental conditions. While previous
studies have typically addressed the influence of molybdenum alloying, surface condition
or tribological behaviour separately, the present work integrates pitting corrosion and
tribological response within a unified experimental framework. This approach enables a
direct and meaningful comparison between ferritic and austenitic grades, demonstrating
that AISI 436, when properly finished, can perform comparably to AISI 304 while offering
potential cost advantages, thereby supporting its potential as a viable and cost-effective
alternative in demanding applications.
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