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used in many manufacturing applications, it is essential to
understand function of chromium and its influence on the
microstructure of dual-phase steels.
The objective of the current study is to address the relevant
knowledge gap in order to assess the influence of stable RA
towards the corrosion mechanism of DHCS in 1.0 M NaCl
solution. The investigation was based on two different RA
volume fractions with chromium percentage. This
investigation provides an opportunity to enhance its corrosionresistant property and to minimize the reliability on alloying
elements and compositional modification of DHCS products
for cost reduction.
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Abstract—Dual-phase high carbon steels (DHCS) are commonly
known for their improved strength, hardness, and abrasive resistance
properties due to co-presence of retained austenite and martensite at
the same time. Retained austenite is a meta-stable phase at room
temperature, and stability of this phase governs the response of
DHCS at different conditions. This research paper studies the effect
of RA stability on corrosion behaviour of high carbon steels after
they have been immersed into 1.0 M NaCl solution for various times.
For this purpose, two different steels with different RA stabilities
have been investigated. The surface morphology of the samples
before and after corrosion attack was observed by secondary electron
microscopy (SEM) and atomic force microscopy (AFM), along with
the weight loss and Vickers hardness analysis. Microstructural
investigations proved the preferential attack to retained austenite
phase during corrosion. Hence, increase in the stability of retained
austenite in dual-phase steels led to decreasing the weight loss rate.

II. EXPERIMENTAL
A. Materials
Two different high carbon steels with different Cr contents,
which result in different RA percentages, have been used in
this study. Sample A contains 0.10%-0.20% Cr with 46-51%
RA, and Sample B contains 1.90%-2.20% Cr with 56%-60%
RA.

Keywords—High carbon steel, austenite stability, atomic force
microscopy, corrosion.
I. INTRODUCTION

I

N recent decades, the utilisation of DHCS has been vastly
increased in various industrial applications, due to its
superior properties in strength, hardness, toughness, high wear
and abrasive resistance [1]. This DHCS steel contains retained
austenite (RA) and martensite microstructures that are capable
to withstand the high wear and shear conditions. In addition to
its distinctive properties, the extensive knowledge about RA
stability by adding different chromium content towards the
corrosion mechanism is essential for assessing the potential of
this steel in different application. Ma et al. [2], Kadhum et al.
[3], and Shuaib-Babata and Abdulqadir [4] have researched
the influence of a different single-phase microstructure on
corrosion behaviour of mild steels, but limited investigation
has been carried out on DHCSs. It is imperative to understand
the characterization of this steel corrosion in sodium chloride
solution, in order to establish applications with cost-effective
alternative.
Chromium is commonly supplemented as one of the
important alloying elements in steel to improve its
hardenability and corrosion resistance properties and to
prevent oxidation [5]-[7]. However, to achieve the economical
high carbon steel parts with excellent properties, which can be

B. Sample Preparation
All samples were cut to suit all the instrument’s
requirements (4 mm x 4 mm x 3 mm), grinded with silicon
carbide abrasive paper to 4000 grit and polished in sequence
up to 1 μm with diamond suspension, then they were rinse
with ethanol, cleaned by using ultrasonic cleaner and dried.
The samples were immersed into the corrosive solution of 1.0
M NaCl up to two hours. Weight loss analysis was conducted
to compare the original weight and final weight loss after
corrosion attack. The precision laboratory scale, Sartorius
CP124S was used to measure the accurate values of weight
loss.
C. Microstructural Investigation
The microstructures of the steel samples have been
investigated using optical microscopy Nikon Eclipse ME-600.
SEM analysis has been performed with Hitachi S-3400I to
analyze the surface morphology of the dual-phase steel in high
resolution (accelerating voltage at 15 keV).
D. Atomic Force Microscopy
Effect of corrosion on the surface roughness of steel was
carried out by AFM with Bruker BioScope Catalyst.
The area of 5 μm x 5 μm was constantly scanned to acquire
consistent result before and after corrosion attack. Evolution
of the surface roughness for martensite-austenite phases from
the beginning until a designated time (2 hours) was visibly
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perform this preferential damage on austenite phase at the
initial stage. Fig. 3 indicates the etched surface of DHCS sample A (with 46%-51% RA) before the immersion into
corrosive media. The grain boundary corrosion between
austenite and martensite interfaces is visible, including visible
polishing scratches. After one hour of corrosion attack, it
performed preferential attack on RA as very significant
damage occurred on this phase. Moreover, pit holes started to
form as the austenitic structure collapsed with little
degradation on martensitic structure after two hours of
immersion as present in Fig. 4.
On the other hand, in Fig. 5, the visible austenite-martensite
microstructures and insignificant grain boundary corrosion
between dual-structure interfaces can also be observed on
sample B after etching process. Fig. 6 presents the sample B
(with 56%-60% RA) after corrosion for two hours that had
non-vital surface modification on austenite microstructure, but
moderate damage on martensite phase exists, as this specimen
possessed lower martensitic percentage, yet higher austenite
volume fraction than sample A in which it led to better
austenitic stability on propensity to corrosion attack, improved
in corrosion-resistant property. The corrosion resistance
properties on sample B were superior than sample A, as the
influence of its higher volume percentage of austenite phase in
DHCS that led to metastable RA microstructures with reduced
in martensitic phase [8], [9]; thus, sample B is able to resist
more towards the corrosion attack. Furthermore, it can be
predicted that the corrosion mechanism in this DHCS is
localised form of corrosion as it generated cavities from outer
to inner surface of the steels or it is well known as pitting
corrosion. The main reason of this occurrence can be due to
the varied boundary shapes on both microstructures that
connect martenite-austenite interfaces and stabilities of
different austenitic phase, further investigation in nanoresolution is described in the AFM results section. The
microstructural results will be corresponded to the weight loss
measurement in which higher metastable RA had lower
susceptibility to corrosion damage, hence decreased in weight
loss as it had lower corrosion rate compared with low RA
percentage with lower stability.

observed by using this technique from AFM analysis.
E. Vickers Hardness Tests
The hardness of samples before and after corrosion was
measured by Struers DuraScan instrument that was equipped
with Vickers pyramidal diamond indenter. The hardness test
was carried out with HV10 mode for four times on different
location of the sample to obtain average hardness of each
condition.
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III. RESULTS AND DISCUSSION
A. Morphology
At microscale analysis by optical microscopy, comparison
results of Figs. 1 and 2 present the volume fraction of RA and
martensite phases of sample A and B after etching process
with 2% nital etchant or before immersion into 1.0 M NaCl
media. It is visible that dual-phase steel with lower chromium
percentage has lower RA volume fraction (white colour
region) than the steel with higher chromium percentage. The
less stable RA possesses lengthy and bulky martensite grain
size with fine RA, whereas improved RA stability has skinny
and less packed of martensitic microstructure with larger
block of RA phase. In addition, from this result, it can be
observed that for different chemical composition on dualphase steel, different chromium content can define the
percentage of martensite and its stability of RA in dual-phase
steel and it can offer contrastive corrosion resistance
properties.

Fig. 1 Optical microscopy of sample A at magnification of 100x –
etched or before immersion into 1.0 M NaCl solution

Fig. 2 Optical microscopy of sample B at magnification of 100x –
etched or before immersion into 1.0M NaCl solution

Fig. 3 SEM imaging of sample A at magnification of 5.000x in
etched condition

After optical microscope analysis, further investigation was
conducted with SEM analysis up to ~5,000x magnification to
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corrosion damage; hence, it leads to decrease in corrosion rate.
TABLE I
A COMPARISON OF WEIGHT LOSS AFTER CORROSION ATTACK AT 0H, 1H AND
2 HOURS ON DHCS
Weight Loss (%)
Time
(h)
Sample A
Sample B
0
0.000
0.000
1
5.688
0.175
2
8.990
0.211

The nanoscale topography imaging was conducted with
AFM to perform real time evolution of DHCS in the corrosive
media. This AFM has been employed in some corrosion
studies with broad range of materials in different corrosive
solution [10] that can offer a very fine resolution of
topographical information [11], [12]. The AFM results were
analysed, in which Fig. 7 presents the sample A before
immersion into NaCl solution, as polished scratches were
clearly visible on the surface of the sample. It was found that a
unique phenomenon occurred after half an hour into corrosion
attack, in which significant changes on surface was occurred.
Fig. 8 demonstrates the surface evolution of the sample A
before corrosion attack. Obvious rough surface, which was
produced at this point, suggested that another evidence of
preferential attack on one phase – austenite was then followed
by the martensite. Fig. 9 represented the sample B without
etching, similarly the scratches were observable in nanoscale
image scanning. It remained unchanged until the first hour of
experiment and similar corrosion behaviour occurred after that
as such in Fig. 10, since this steel sample possessed more
stable austenitic phase as it leads to less martensitic volume
fraction on dual-phase steel, thus improving the corrosion
resistant properties.
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Fig. 4 SEM imaging of sample A at magnification of 5,000x after 2h
immersion into 1.0M NaCl solution

Fig. 5 SEM imaging of sample B at magnification of 5.000x in
etched condition

Fig. 6 SEM imaging of sample B at magnification of 5,000x after 2h
immersion into 1.0M NaCl solution

B. Corrosion Mechanism
The weight loss measurement was conducted, in order to
determine the slowing corrosion rate, as the more stable RA
phase has less internal energy and it is able to resist corrosion
attack in the corrosive solution. Table I represents the
reduction in corrosion rate between first and second hours of
the immersion in corrosive media. On sample A, a massive
weight loss accounted to 8.990% after two hours of corrosion,
as it possessed the higher level of RA stability, while sample
B made contribution of 0.211% weight loss. All samples
showed similar behaviour in which the weight loss was
significantly higher in first hour than second hour, this is
because of both microstructures corroded at different rate and
difference in internal energy between martensite-austenite
interfaces. From this weight loss analysis, the improved
stability of RA microstructure resists more towards the
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Fig. 7 AFM topographical imaging of sample A in the air condition
without etching or before immersion into 1.0 M NaCl solution

The effect of RA microstructure stability in corrosion
mechanism can be observed in the nanoscale level, where
austenite phase began to degrade in sample A as it possessed
lower RA percentage than sample B, hence austenitic structure
is more susceptible to corrosion attack with dependency on its
stability. Austenitic phase was propensity to corrosive
solution, due to large grain size shape on austenite and lower
martensite distribution on DHCS in which minimized its grain
boundary density, hence decreased on grain boundary
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corrosion rate [13].

in enhancement of hardness properties on steel [14]-[16], the
loss of austenite and martensite phases by corrosion damage
has the influence on its hardness properties. This means that
increase in volume fraction of RA improved its stability as
well as led to reduction in internal energy between each phase
and enhanced hardness property towards corrosive solution.
As the results, from this corrosion test on DHCS samples, it
can be concluded that overall corrosion mechanism is pitting
corrosion, as pit holes were aroused on the outer surface of
both austenite and martensite microstructures.
TABLE II
COMPARISON OF HARDNESS ON HIGH CARBON STEEL SAMPLES BEFORE AND
AFTER IMMERSION INTO CORROSIVE SOLUTION AT 0H, 1H AND 2H
Hardness (GPa)
Time
(h)
Sample A
Sample B
0
7.326
7.846
1
7.306
7.838
2
7.289
7.833
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Fig. 8 AFM topographical imaging of sample A after 2 hours of
immersion into 1.0 M NaCl solution

IV. CONCLUSION
This research has shown that the corrosion rates varied
marginally between two different DHCS samples.
Microstructural, mechanical and corrosion resistant analyses
were carried out for DHCS specimens to examine the
preferential attack on one phase then followed by another. As
the volume percentage of RA increased, it promoted
improvement of its stability, minimized the internal energy
between martensite-austenite grain boundary interfaces and
lowered the propensity on corrosion attack, thus decreased the
corrosion rate. The bulky austenite grain structure with less
distribution of martensite grain offers better corrosion
resistance properties, due to the decrease in grain boundary
density in which less surface area contacted between each
interface that led to reduction of grain boundary corrosion.
This finding is crucial to produce DHCS products with
excellent properties that offer opportunities to acknowledge
and predict corrosion characterization, and optimization of
corrosion-resistant properties with minimization to reliance on
alloying elements for cost-effective in many manufacturing
applications.

Fig. 9 AFM topographical imaging of sample B in the air condition
without etching or before immersion into 1.0M NaCl solution

Fig. 10 AFM topographical imaging of sample B after 2 hours of
immersion into 1.0 M NaCl solution
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