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ABSTRACT

Austenitisation is one of the most important factors in heat treatment process of
dual-phase high-carbon steel, as it can affect the grain size, production of sec-
ondary phase precipitation, size of martensite laths and distribution of the
phases. Despite the importance of this heat treatment on mechanical behaviour,
its correlation on corrosion behaviour and electrochemical properties of high-
carbon steel required in-depth investigation. The aim of this study is to inves-
tigate the effect of different austenitising temperatures on microstructure and
corrosion behaviour of dual-phase high-carbon steel. Microstructural evolution
was observed in situ using ultra-high-temperature laser microscope, and the
steels have been characterised further using optical microscope, electron
backscatter diffraction, 3D laser scanning confocal microscope, scanning elec-
tron microscope and energy energy-dispersive spectroscope and electron probe
microanalysis. The powerful electrochemical corrosion test was employed by
using Tafel polarisation method to measure its corrosion rate. Results have
indicated that higher austenitising temperature increased grain size of retained
austenite and martensite, which reduced the grain boundary length, but at the
same time increased the size and amount of carbide precipitations. As the main
corrosion mechanisms in dual-phase high-carbon steel were pitting corrosion
and intergranular corrosion, effect of generated precipitations has overcome
grain boundary corrosion caused by influence of size and shape of
microstructures and, thus, reduced the corrosion resistance around 9.68% as
temperature increased. These findings are crucial for designing new applica-
tions from high-carbon steels for mining and automotive industries.
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Introduction

In recent years, the utilisation of high-carbon steel has
inevitably increased in different area, such as mining,
construction, gas and transport industries due to its
superior hardness and abrasion resistance. But each
of these applications brings different corrosive cir-
cumstances [1-3]. In mining area, one of the greatest
constraints is the lack of groundwater for mining
activities due to its remote location with limited
access to water resource. The alternate used of sea-
water or desalinated water is more accessible and
affordable in such environment across the industry
operation [4]. Dual-phase high-carbon steel consisted
of dual-phase microstructures, retained austenite and
martensite. To achieve the optimum microstructure
properties, identifying the best austenitising heat
treatment temperature and time is required, as it is
one of the most important steps to produce the desire
mechanical properties without modifying the com-
positional elements. With high carbon content in this
grade of steel, the existence of any carbides generated
during production of this steel was essentially
unavoidable, but the steel became homogenised
through austenitising heat treatment stage, as
undissolved carbides can be dissolved. However, at
the same time by increasing the austenitising tem-
perature, the potential formation of other secondary
phases can increase [5]. Upon maintaining different
austenitising temperatures, average grain size and
phase distribution can change, which can result in
different properties, especially in its corrosion resis-
tance of high-carbon steel. But at the same effect of
this heat treatment process on precipitation of sec-
ondary phases is indivertible and need to be studied
in detail [6, 7].

By increasing austenitisation temperature, average
grain size of parent austenitic phase increases, which
results in larger retained austenite grains and larger
martensite laths at room temperature upon quench-
ing stage [8]. In addition to increasing the grain size,
higher austenitising temperature can lead to
increasing the risk of generating more secondary
precipitation, impurity segregation on grain bound-
ary and random boundary network that will cause
higher rate of intergranular corrosion (IGC) on inter-
boundary [9, 10]. IGC was due to deterioration along
the grain boundary because thermodynamic effect for
susceptibility towards corrosion is higher at grain
boundary than at inner grain boundary caused by
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exposure of certain crystalline in steels, secondary
phase precipitations and compositional difference at
a circumstance (e.g. electrochemical) [9, 10]. Other
types of corrosion could possibly occur—grain
boundary corrosion due to difference in potential
energy of constituent phases (e.g. dual-phase
microstructure), where one phase became preferen-
tial attack than another as it contained different Fe
and C balance in each phase [10, 17]. Additionally,
pitting corrosion or localised corrosion was caused by
passivation process at certain area on steel that ini-
tiated anodic and cathodic half reaction and, thus, led
to electromigration of anions and potential gradient,
which began the pit growth with limited amount of
diffusion of ions [10, 11]. As grain size increased, the
influence of its electrochemical corrosion behaviour
on steel can increase, this was due to increase in atom
movement (velocity) prior to the corrosion process
reaction [11, 12]. Previous studies by Handoko et al.
[13, 14] suggested that blocky and larger grain size of
retained austenite with increased in its volume frac-
tion phase and could decrease its grain boundary
density, which led to lower corrosion intensity rate.
Heat treatment or grain refinement processing has
altered the reactivity of the microstructure on lower C
and higher Mn content steels in which can impact on
corrosion resistance and oxide formation response
and the presence of precipitation increased weak
points in structural [15, 16]. The main reason for
enhancement in corrosion resistance properties in
refining grain size was corresponded to increase in
generated passive film and adhesion, since it led to
increase density in the grain boundary [17, 18].

For identifying the best application for this grade of
steel, correlation size, shape and arrangement of
microstructural phases and corrosion characteristic
should be discreetly determined. In this study, we
carefully analysed the influence of grain size and
precipitation of secondary phases on corrosion
behaviour of dual-phase high-carbon steel in NaCl
solution and its electrochemical properties. The
microstructural transformation throughout different
austenitisation temperatures was observed through
in situ ultra-high-temperature laser microscopy,
microstructural analysis by optical microscopy, elec-
tron backscatter diffraction microscopy (EBSD), 3D
laser scanning confocal microscope (3D LSCM),
scanning electron microscope (SEM) and electron
probe microanalysis (EPMA). Identifying volume
fraction of secondary phases precipitation by Image]
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and corrosion potential, E., and current, i, to
define corrosion rate through reliable electrochemical
test of Tafel Polarisation technique.

Materials and methods
Material preparation

Dual-phase high-carbon steel with nominal chemical
composition 1.00C, 0.98Mn, 0.60Cr and 0.20Si (in
wt%) was used in this study. Metallographic sample
preparation was conducted; the steel was precisely
cut into three pieces with 10 x 10 x 3 mm dimen-
sion by Accutom-50 with slow feeding speed mode at
6 mm/min to prevent shear stress and heat transfer
that can lead to spontaneous phase transformation.
Then all samples were grinded with SiC paper to
4000 grits by TegraPol-21 and polished with fine
diamond suspension to 0.1 um by TegraPol-15 in the
way that fitted into the 10-mm-diameter alumina
crucible size for heat treatment experiment. The
mirror-polished samples were heated by ultra-high-
temperature laser microscope CLM VL2000DX that
provides in situ observation of microstructural
changes. At the beginning, chamber was vacuumed
to remove any unattended gases that can initiate
oxidation during the experiment. Additionally,
helium gas was kept into standby mode for cooling/
quenching purpose. All samples were heated to dif-
ferent temperatures at 950 °C, 1050 °C and 1150 °C
with heating rate at 500 °C/min, dwelling time for
10 min, cooling rate at — 3000 °C/min to obtain
similar volume fraction of retained austenite and
martensite phases, and pressure in the chamber was
kept about 6.5 kPa during the experiment. 3.5% NaCl
solution was prepared and immersed into the media
for corrosion test at 1 h and 2h at 24 °C & 1. All
samples were ultrasonic cleaned by Unisonics to
eliminate corrosion product and completely dried by
Struers Drybox-2.

Analytical methods

Volume fraction of precipitated secondary phases at
the austenitisation temperature was determined by
image analyser, ImageJ. Microstructural analysis was
conducted using optical microscopy, Nikon Eclipse
ME600. High reconstruction electron backscatter
diffraction microscopy (EBSD) was achieved by
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employing JEOL 7001F that equipped with Schottky
field emission gun scanning electron microscopy (FE-
SEM) and Everhart-Thornley secondary electron
detector for topographical imaging. Acquired images
were processed with orientation imaging microscopy
(OIM) version 8 software to obtain valuable infor-
mation volume fraction of each phase and its distri-
bution grain boundary mappings. Two sets of
corrosion tests were demonstrated in this study:
immersion method and electrochemical measure-
ment. 3D laser scanning confocal microscope—VK-
X250 3D LSCM—was implemented for non-destruc-
tive high-resolution three-dimensional surface
roughness imaging before and after corrosion; sur-
face area of mean roughness average (S,), surface
area of ten-point means roughness (S,) and surface
area of measured pit growth (S,;) values can be
determined by VK Viewer software—immersion
method. Other surface imaging was predominantly
used by SEM Hitachi 5-34001 with accelerating volt-
age of 20 keV and emission current 60 pA—immer-
sion method. This SEM instrument was equipped
with EDS analysis to determine the chemical com-
position of corrosion product. Elemental analysis was
up to sub-micron level on steel substrate samples by
electron probe microanalysis (EPMA)—JEOL JXA-
8500F. Electrochemical measurements were taken by
Versatile Multipotentiostat VSP300 that equipped
with EC-Lab v11.02 software. This instrument was
connected to a corrosion flat cell with saturated
calomel electrode (SCE) as reference electrode, plat-
inum electrode as auxiliary electrode and high-car-
bon steel sample as working electrode. The 3.5 wt%
NaCl solution was utilised as electrolyte for the cor-
rosion test experiments, and contacted area of tested
steel sample was 1cm? in open-circuit potential
(OCP) system with 4 h of immersion time. Results of
Tafel curves were collected and compiled between
(£ 250 mV vs. OCP) and (£ 250 mV vs. OCP), scan
rate at 0.003 V/min and bandwidth of 8. The values
of corrosion potential, E.o,r and corrosion current iorr
can be determined through polarisation curves to
evaluate corrosion rate of each steel sample.

Data availability

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request.
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Results and discussions

Before corrosion conducting corrosion test, it is
important to understand the effect of austenitising
temperature on generated austenite grain size, shape
and structure. In situ observation from ultra-high-
temperature confocal laser microscope was compiled
and compared the dissimilarity in austenite phase
size and shape and secondary phase distribution at
the last seconds before quenching process. Figure 1
summarises these results which include a diagonal
yellow line overlayed from top left to bottom right
side as the standard procedure to calculate austenitic
grain size. Nine-sided images were recorded and
average grain size values of each different austeni-
tising temperature were calculated.

Calculation of grain size, G, for all different heating
temperature was based on the standard ASTM grain
size formula, where L refers to average intercept
grain size in mm unit [19], as follows:

L
G = —3.2877 — 6.6439 logy, (1000)

As it was expected by increasing the austenitising
temperature, average intercept grain size increased,
Table 1. This increase in austenite grain size had
fulfilled the agreement as per study from Li et al. [20]
and Ovali et al. [21] on the thermal stability of
retained austenite in austenitising temperature.

By increasing the austenitising temperature and
grain growth associate with that, the length of grain
boundary reduces but at the same time the number of
precipitated secondary phase increased [22, 23]. Fig-
ure 2 presents the comparison of microstructural
analysis of dual-phase steel samples at different heat-
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Table 1 Comparison of the effect of different austenitising
temperature on the ASTM grain size number and average
intercept grain size was determined though nine-sided in situ
observation by confocal microscopy

Sample-ID ASTM grain Average intercept
(°C) size number grain size (um)
950 4.6 65.3

1050 4.0 80.3

1150 3.1 107.5

treated temperatures. It can be seen that there is
obvious difference in grain size, shape and arrange-
ment of each phase. The quantity and size of carbide
formation were increased as austenitising tempera-
ture elevated and thus enhanced the risk on inter-
granular attack (IGA) and cracking [24]. Also, as the
temperature increased, grain growth, size and shape
for both retained austenite and martensite had
gradually expanded [25].

To understand the influence of different austeni-
tising temperatures on this grade of steel, a non-de-
structive analysis on each phase was imperative
before corrosion test by utilising EBSD micrograph in
Fig. 3. It is clearly visible to observe the variation in
size, shape and arrangement each phase from
micrograph images. From the quantitative data of
OIM software, the EBSD micrograph presented
approximately 14.1%, 13.3% and 17.7% percentage of
retained austenite, at austenitising temperature of
950 °C, 1050 °C and 1150 °C, respectively. The vol-
ume fraction of retained austenite and martensite
phase was relatively similar. Moreover, previous
research had been performed on the effect of finer
grain size, which could lead to higher risk of

Figure 1 Images comparison from ultra-high-temperature laser microscopy of different austenite grain sizes during austenitising

temperature at al 950 °C, b1 1050 °C and 1 1150 °C.
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Figure 2 Optical microscope imaging of dual-phase high-carbon steel after heat treatment at al 950 °C, b1 1050 °C and 1 1150 °C,
with light etching condition—volume fraction of each phase can be calculated through EBSD analysis.

(al) (b1)

—1°-15°
—-15°-30°
- 30°-180°

Figure 3 EBSD micrographs of retained austenite and martensite
phases distribution mapping at al 950 °C, b1 1050 °C and c1
1150 °C, red phase is retained austenite and green is martensite
phase, with grain boundary mapping a2 950 °C, b2 1050 °C and

susceptibility towards grain boundary corrosion,
thus reducing corrosion resistance properties [26];
this means by decreasing contact between inter-
boundary of retained austenite and martensite pha-
ses, corrosion rate can be reduced [11]. Further
morphological imaging and electrochemical mea-
surement were required to understand the effect of

(cl)

**% Austenitic Phase
**% Martensitic Phase

c2 1150 °C, red line is grain boundaries at 1°—15°, green line is
grain boundaries at 15°-30°, and blue line is grain boundaries at
30°-180°.

different austenitising temperatures on corrosion
resistance performance of dual-phase high-carbon
steel.

To understand the corrosion mechanism of this
grade of steel, a schematic diagram of corrosion
process was explained. Thermodynamics of corrosion
reaction, mechanism and pit growth in the corrosion
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process on high-carbon steel at given immersion time
with the chemical composition of corrosion product
is presented in Fig. 4. At the beginning stage or 0 h,
the pit growth initiated from structural or localised
chemical defects on surface of steel; then after 1 h the
pit began to expand and production of corrosion
product, Fe(OH)3, occurred due to Fe** dissolution
process on the steel surface, leaving a negative charge
(e7) in steel. Finally, there is continuous development
of pit growth and increased amount of corrosion
product. At the pit areas, anodic reaction caused the
Fe to dissolve (dissolution of iron) from onset of
immersion through chemical reaction of:

Structural or
Chemical Defects

J Mater Sci (2019) 54:13775-13786

Fe — Fe?t + 2e~

At the same time, the O, reduction—cathodic reac-
tion developed near the steel surface, as electrons
have given up by anode flow to cathode where dis-
charging occurred.

O, +2e +2H,0 — 40H™

As consequences of these reactions, electrolyte has
enclosed in the pit area received positive charge in
comparison with electrolyte around the pit that has
become negatively charged. This positively charged
in negative

interested ions, Cl~, which the

Figure 4 The schematic of corrosion mechanisms—pit growth on dual-phase high-carbon steel immersed into 3.5 wt% NaCl solution.

Chemical composition of corrosion product was analysed by SEM/EDS.

@ Springer
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Figure 5 3D imaging by laser scanning confocal microscopy in
3.5 wt% NaCl solution for al 0 h, a2 1 h, a3 2 h for samples at
950 °C; b1 0 h, b2 1 h, b3 2 h for samples at 1050 °C; and c1

thermodynamically favour reaction can be found in
reaction, as follows:

FeCl, + 2H,0 — Fe(OH), + 2HCI

Therefore, as steel surface exposed continued, the
corrosion product, Fe(OH)3, formed as per agreement
with EDS results.

The corrosion test was performed for all steel
samples at 1 h and 2 h though immersion test into
3.5 wt% NaCl solution. Three-dimensional high-res-
olution topographical imaging was generated by 3D
LSCM before and after corrosion, as illustrated in
Fig. 5.

Retained austenite and martensite phases for all
samples have been revealed at 0 h or after light
etching condition. For sample-950 °C at 1 h after
corrosion, the morphology was slightly degraded as
preferential attack on retained austenite and
martensite remained unmodified. Main aspect of this
preferential attack was due to higher Fe content and
lower C content on retained austenite than marten-
site; hence, austenite acted as anode, whereas
martensite acted as cathode [13, 14]. Multiple tiny

2.03%um
¥ &\:
=

5.485m

3.294um

BYD
- [

94.719

0 h,c21 h, c32 hfor samples at 1150 °C. Values of S,, S, and S,
of each sample were determined.

pores from carbide precipitation were generated at
2 h of corrosion on austenite and slight deterioration
on martensitic phase. While sample-1050 °C per-
formed moderate damage on austenite with pit
growth due to breakdown of passive film and fol-
lowed by slight changed on martensite after 1-h
corrosion process, this phenomenon continued and
larger pit holes were generated. As more secondary
phases precipitated, meaning that increased the
potential to initiate IGC between both interfaces than
in 950 °C. Moreover, sample which heat-treated at
1150 °C showed severe damage on retained austenite
with numerous pitting holes appeared with moderate
damage on martensite phase after first hour of cor-
rosion; more degradation on both phases occurred
with massive pit growth. This factor was caused by
precipitation of more precipitated secondary phases
which distinctively reduced the percentage of C and
Mn content in austenite and martensite phases [27].
From 3D LSCM, it can be observed that influence of
different austenitising temperatures had side effect
on the corrosion behaviour, as more precipitation
generated and depletion of retained austenite and

@ Springer



13782

J Mater Sci (2019) 54:13775-13786

Table 2 Surface area values of S,, S, and S, before and after corrosion in 3.5 wt% NaCl solution

Time (h) 950 °C 1050 °C 1150 °C
Sa (pm) S, (nm) Spg (nm) Sa (pm) S; (um) Spg (nm) Sa (pm) S, (nm) Spg (nm)
0 0.018 1.013 - 0.021 1.205 - 0.022 1.228 -
1 0.029 2.124 0.011 0.034 2.437 0.013 0.096 3.665 0.074
2 0.039 2.993 0.021 0.046 3.199 0.025 0.151 4.995 0.129

martensite from C and Mn can lead to higher
propensity on pitting corrosion.

From VK Viewer software, quantitative data of
surface area of mean roughness average (S,), ten-
point mean roughness (S,) and measured pit growth
(Spg) values were compiled, as shown in Table 2. It
can be outlined that S, value was the highest at
sample-1150 °C, accounted 0.151 pm nearly five
times higher compared to sample-950 °C with
0.039 um after 2 h of corrosion test. Meanwhile, the
value of S, was the highest on the sample with
highest austenitised temperature amongst all sam-
ples. Overall, as the grain size of retained austenite
and martensite was increased at higher heating
temperature, the S, and S, values increased with
escalated value of S,, since more precipitation
occurred that led to increase in boundary corrosion
and larger size of pit growth, thus promoted higher
level of corrosion intensity.

SEM imaging analysis was adopted for further
microstructural investigation before and after corro-
sion test. With secondary electron (SE) mode, it pro-
vided a clear morphology of both austenitic and
martensitic interfaces reacted towards corrosion
behaviour in 3.5 wt% NaCl media, as presented in
Fig. 6. It can be analysed that by increased austeni-
tising temperature, the corrosion intensity and
microstructural degradation had been inclined. These
sections had been imprinted with circle in Fig. 6 that
helped in trailing the modification of the surface
morphology during 2-h corrosion process. For sam-
ple-950 °C, it remained almost unchanged after 1 h
and slight changed in austenite phase with numbers
of tiny pit holes generated surround grain boundary
after 2 h. On the other hand, sample-1050 °C per-
formed deterioration on austenite with initiation of
pit holes after 1 h and more damage on this phase
followed by martensite phase occurred after 2 h. At
higher heating temperature, it increased the risk of
carbide precipitation that could trigger early IGA in
the vicinity of boundary. In comparison with sample-
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1150 °C, serious damage occurred on retained
austenite phase with multiple larger size pit holes
happened after 1 h, and more destruction on auste-
nitic phase as well as moderate-scale degradation on
martensitic phase. There is a formation of larger grain
size on both phases and more secondary phase pre-
cipitation on grain boundary, because higher
austenitising temperature will be more prevalent in
determining the corrosion-resistant property of dual-
phase steel, thus with blocky, lengthy and unordered
boundary packet which can correlate to higher cor-
rosion rate. From this SEM analysis, it can be sum-
marised that higher austenitising temperature of
dual-phase high-carbon steel sample had a great
contribution on increasing grain size of retained
austenite-martensite and produced more carbide, as
well as enhancing IGC and grain boundary corrosion
that can reduce its corrosion resistance properties.

To quantify and reliably investigate the formation
of different secondary phases during austenitisation
process, a powerful microanalytical method was
implemented to detect various elements that formed
different type of secondary phase precipitation on
steel. EPMA analysis data which presented in Fig. 7
indicated the formation of three different precipita-
tions, such as manganese sulphide (MnS), iron car-
bide (FesC) and silicon oxide (5i0,). These
precipitations promoted localised electrochemical
attack on grain boundaries of steel, which is visible in
microstructural analysis after different corrosion
times in Fig. 6. Different size of pitting corrosion
growth was attributed to the size and distribution of
these precipitated secondary phases which modified
its corrosion resistance properties [28, 29]. As a result,
combination of non-uniform boundary distribution
and increased risk of pitting corrosion and IGC ini-
tiation on samples with higher austenitisation tem-
perature can lead to higher-level susceptibility on
corrosion degradation.

One of the most reliable techniques for electro-
chemical corrosion measurement was implemented
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Figure 6 Morphological images from SEM analysis of three
different steel samples before (yet after etched) and after
immersion into 3.5 wt% NaCl solution, temperature at al O h,

to determine Tafel polarisation curves which were
valuable to predict corrosion rate. From Tafel polar-
isation curve, total corrosion current density can be
found between intersect of anodic (top side) and
cathodic (bottom side) branches. The anodic branch
represented the passivation, the formation of corro-
sion products and degradation of the steel samples,
whereas cathodic branch demonstrated the activation
control and hydrogen formation. In Fig. 8, Tafel
polarisation curves were produced, presented by
increased austenitising temperature which could lead
to increase in corrosion rate value on dual-phase
high-carbon steels. The formation of different types
of secondary phase precipitation at higher austeni-
tising temperature had played a crucial effect on IGC
around contacted boundaries and hence can increase
the risk of pit growth [30, 31]. More precipitations
occurred along the grain boundary of both retained
austenite and martensite interfaces, the higher
potential of grain boundary reaction on, along and
within grain boundary.

a2 1 h, a3 2 h for samples at 950 °C; b1 0 h, b2 1 h, b3 2 h for
samples at 1050 °C; and ¢1 0 h, ¢2 1 h, ¢3 2 h for samples at
1150 °C.

The quantitative data had been recorded and are
summarised in Table 3. This table showed different
material properties as the effect of various austeni-
tising temperatures that led to variable in corrosion
potential values, E,,, where shifted to more positive
direction had higher-level of corrosion resistance
properties. It can be stated that sample-950 °C had
the lowest tendency on corrosion reaction initiation
than other higher austenitisation temperature sam-
ples. Value iq,r gap on sample-950 °C was 5.22% and
9.68% lower than sample-1050 °C and sample-
1150 °C, respectively. For E.,, value of sample-
950 °C accounted about 4.50% lower than sample-
1050 °C and 9.16% on sample-1150 °C accordingly
towards more noble side. Evidence of the highest iqo,
occurred on the highest heated sample in which the
presence of highest precipitated carbide proved its
significant effect on corrosion rate; hence, higher
heating temperature had influence on reduction in
corrosion resistance properties.

@ Springer
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Figure 7 EPMA analysis of C, Fe, S, Cr, Si and Mn for the heat-treated sample at 1150 °C.
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Figure 8 The comparison of Tafel polarisation curves from
different austenitising temperatures of high-carbon steels into
3.5 wt% NaCl solution condition.

This approach in the study had clearly emphasised
that corrosion intensity obtained by electrochemical
measurement technique could be added by different
in-depth morphological analysis for conscientious
characterisation of corrosion resistance properties on
high-carbon steel. Furthermore, corrosion mecha-
nisms that appeared in this study were pitting

@ Springer

Table 3 The summarised electrochemical data for dual-phase
high-carbon steels in 3.5 wt% NaCl solution

Sample-ID (°C) E o (mV vs. SCE) fcore (MA/cm?)

950 —622+£5 1.993 £+ 0.003
1050 — 650 £ 4 2.097 £ 0.007
1150 — 679 £ 6 2.186 £+ 0.005

corrosion and IGC, initiating from grain boundary
between retained austenitic and martensitic planes
with preferential attack on austenitic phase as more
and larger size of precipitation was produced. This
study has demonstrated that when the main corro-
sion mechanism is the pitting corrosion, effect of the
volume and size of secondary phase plays more
important role in corrosion behaviour compared to
the length of grain boundaries.

Conclusions

Corrosion resistance of dual-phase high-carbon steels
at different austenitisation temperatures has been
studied and investigated in-depth . Results have
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revealed that by increasing the austenitising tem-
perature, the pre-austenite grain size increased,
which promoted larger retained austenite grain with
bulky martensite laths. Increase in temperature cor-
responded to the increase amount of secondary phase
precipitation. Preferential attack on one phase in this
dual-phase steel-retained austenite followed by
martensite, is due to higher Fe content in retained
austenite phase, which acted as anode. With larger
grain size, it decreased the propensity towards cor-
rosion degradation, due to decrease in grain bound-
ary density, and reduced the potential energy gap
between each phase and improved the stability of
retained austenite. The volume of secondary phase
precipitation has been increased through higher
austenitisation temperature, which has attributed to
increase the risk of generating pit growth, thus
accelerated the overall corrosion rate. Electrochemical
corrosion measurements have validated that the
lowest current density and most positive corrosion
potential values towards noble side from Tafel
polarisation curves emerged on the lowest heat-
treated steel at 950 °C, leading to the best corrosion
resistance than all studied steels, improved approxi-
mately 9.68%. This investigation has performed that
primary corrosion mechanisms were pitting, with the
presence of precipitations promoted IGA that become
the major roles in corrosion behaviour on dual-phase
high-carbon steel, has overcome the influence of
grain boundary corrosion that caused by different
size, shape and distribution of constituent phases.
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