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Abstract  The corrosion behavior of dissimilar weldments between AISI310 and AISI2205 stainless steels in a 5 % calcium chloride solution at 50 °C was 
investigated under three conditions: as-welded, lower post-weld heat treatment at 800 °C, and higher post-weld heat treatment at 1000 °C. Microstructural 
examination revealed severe pitting in the as-welded sample, with pit widths ranging from 270 μm to 360 μm. The lower heat-treated sample had larger pits  
(310 μm to 370 μm), while the higher heat-treated sample showed homogeneous corrosion with a protective oxide coating. The as-welded sample had the 
highest corrosion rate, followed by the lower heat-treated sample, which had a moderate rate, and the higher heat-treated sample had the lowest rate. The 
corrosion current densities were 5.26×10—³ mA/cm², 4.6×10—4 mA/cm², and 1.4×10—4 mA/cm², respectively. Electrochemical noise measurements confirmed 
these findings, with the higher heat-treated sample showing negligible localized corrosion and homogenous corrosion behavior. 
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Highlights:
 ▪ Dissimilar AISI2205 and AISI310 joints were subjected to post weld heat treatment (PWHT) for improving its corrosion resistance.
 ▪ PWHT improved the corrosion characteristics of the dissimilar joints.
 ▪ Electrochemical noise evaluation revealed that noise intensity was lower in higher temperature PWHT 1000°C than other joints.

1  INTRODUCTION

The requirement for advanced engineering applications requires 
high-performance materials, often requiring welding of incompatible 
metals. Dissimilar stainless steel welding is particularly notable for its 
combined benefits of corrosion resistance, mechanical strength, and 
cost-effectiveness [1] and [2]. AISI 2205 duplex stainless steel and 
AISI 310 austenitic stainless steel are frequently used in industries 
such as chemical processing, oil and gas, and marine environments 
[3] and [4]. This combination leverages the high strength and 
weldability of duplex stainless steel with the high-temperature 
resistance of austenitic steel [5]. However, welding different stainless 
steels poses challenges, particularly regarding corrosion behavior, 
which affects the durability of welded structures in chloride-rich 
environments [6]. Welding can alter the microstructure at the 
weld junction, leading to variations in corrosion resistance [7]. 
Issues like residual stresses, phase transitions, and microstructural 
heterogeneities near the weld interface can become sites for localized 
corrosion, compromising joint integrity [8]. Research on corrosion in 
stainless steel welds focuses on factors like welding procedures, filler 
materials, and environmental conditions [9]. Galvanic corrosion, 
driven by the electrochemical potential difference between base 
metals, is a primary concern in dissimilar welds [10]. The corrosion 
behavior is significantly influenced by welding process parameters 
and post-weld heat treatment (PWHT) [11]. Calcium chloride (CaCl2) 
solution is often studied for its resemblance to industrial chloride-rich 
conditions, which promote pitting and crevice corrosion in stainless 
steels [12] and [13]. PWHT mitigates the adverse effects of welding 
by relieving residual stresses and homogenizing the microstructure 
[14] and [15]. Methods such as high- and low-temperature treatments 
each affect the welded joint’s properties differently [16]. Proper 

PWHT parameters can significantly enhance the corrosion resistance 
of dissimilar welds in harsh chloride environments [17]. This study 
evaluates the corrosion resistance of AISI2205-AISI310 dissimilar 
joints subjected to PWHT at two temperatures, using electrochemical 
techniques to monitor corrosion behavior in 5 % aqueous calcium 
chloride over 12 days.

2  MATERIALS & METHODS

2.1  Material Preparation and Welding

The base materials used in this research were AISI 310 stainless steel 
(SS) and AISI 2205 duplex stainless steel (DSS), both acquired from 
Kheteshwar Metals, Mumbai, India, as rolled sheets with a thickness 
of 5 mm. Selecting the right filler wire is crucial for achieving 
optimal joint quality. ER2205 filler wire is particularly sought 
after due to its lower ferrite content, which demonstrably improves 
weldability [18]. As a better option, 2.6 mm ER2205 filler wire was 
chosen for conducting welding studies. The chemical aspects of both 
the base material (BM) and filler wire were determined by using 
spark spectrometer. Sparks were ignited at various regions, and the 
elemental composition was subsequently recorded. The BMs were 
sectioned into rectangular pieces measuring 150 mm in length and 
100 mm in width using abrasive cutting machine, and the edges were 
then properly ground. Then, the cut pieces underwent a thorough 
cleaning process for removing any dirt, oil, or impurities. The 
welding process was done using a single V-butt joint configuration. 
According to ASTM E8M 04 standards [19], V-shaped grooves were 
prepared with a 40º angle and a root gap of 1.2 mm [20]. 
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A dual shielding gas controller and a customized GTAW welding 
setup were used for fabrication of the joints. A 2.4 mm diameter, 
2 % thoriated tungsten electrode that was positioned at a 45° angle 
was used for the welding tests. The shielding gas was directed by 
a (12.2 mm internal diameter) nozzle that was positioned 5 mm 
distance. An electronic gas management unit was designed so that 
shielding gases could be switched between. Two timing circuits, one 
for each solenoid valve regulating the gases, were present in this 
machine. To maintain a balanced 50 % duty cycle, both gases were 
supplied at equal flow rates but alternated at regular intervals. Based 
on the reported literatures [21] and [22] and trial experiments, specific 
technological parameters for the welding experiments were selected 
and are detailed in Table 1. 

Table 1.  Designation of joints, welding parameters and heat treatment details

Joint AISI310-AISI2205
Designation As-welded LPWHT HPWHT
Ageing temperature [°C] - 800 1000
Welding current [A] 90 to 120 90 to 120 90 to 120
Welding voltage [V] 14 to 18 14 to 18 14 to 18
Welding speed [mm/s] 3.5 3.5 3.5
Gas flow rate [l/min] 8 8 8

After joining AISI310 SS with AISI2205 DSS, the specimens 
underwent PWHT. The dissimilar welds were heated for 90 minutes 
at two aging temperatures, namely 800 °C at lower post-weld heat 
treatment (LPWHT) and 1000 °C at higher post-weld heat treatment 
(HPWHT), and subsequently quenched in water. Three sets of joints 
were subjected to heat treatment, while one set was left untreated for 
comparative analysis. The designations for the heat-treated joints and 
information regarding aging temperatures are shown in Table 1.

2.2  Studies on Corrosion Characteristics

Aqueous calcium chloride with a concentration of 5 % was used to 
create the caustic solution. To conduct each experiment, 100 ml of 
corrosive solution was added to an open flask and heated to 55 ºC 
using an electrical heater. AISI2205-AISI310 dissimilar joints in 
as-welded, LPWHT and HPWHT conditions were used to make the 
electrodes. After being cut to the dimensions of 10 mm × 5 mm × 
2 mm, the samples for the electrochemical procedures were polished 
using silicon carbide paper, rinsed with distilled water, cleaned with 
acetone, and dried in a warm air stream. For the electrical connection, 
the specimens were spot-welded to a 150 mm long, 1 mm diameter 
80.0Cr-20.0Ni wire. This wire was then separated from the corrosive 
solution by enclosing it in glass tubes and filling the gap between 

a)           b) 

c)           d) 

e)           f) 
Fig. 1.  Micrographs and EDX analysis of dissimilar AISI310-AISI2205 samples exposed to an aqueous CaCl2 solution: a) SEM as-welded sample, b) ADYX as welded sample in the as-welded condition, 

c) SEM – LPWHT sample,  d) EDAX – LPWHT sample,  e) SEM – HPWHT sample, and f) EDAX – HPWHT sample
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the glass tubes and the electrical connecting wire with refractory 
silicon. Applying over-potential with a sweep rate of 1 mV/s, ranging 
from –400 mV below to 800.0 mV above the corrosion potential, the 
polarization curves were developed [23] and [24]. 

The electrochemical cell consisted of working electrodes (as-
welded, PWHT1, PWHT2), a reference electrode (Ag/AgCl), and 
an auxiliary electrode (platinum wire). Electrochemical potential 
and current noise measurements were carried out using a three 
‘identical’ electrode configuration, with one reading per second to 
compile records of 1024 points every four hours for 12 days. All 
three electrochemical procedures were performed with an ACM Gill 
8AC potentiostat accurately controlled by a personal computer. For 
qualitative examination, the surface morphology of the corroded 
specimens was investigated using scanning electron microscopy 
(SEM) in conjunction with energy dispersive X-ray analysis 
(EDAX). The SEM examination was carried out utilizing the JEOL 
JSM-6490LV microscope.

3  RESULTS AND DISCUSSION

3.1  SEM-EDX Analysis

SEM-EDX images of the three corroded dissimilar AISI2250-
AISI310 joints (as-welded, LPWHT & HPWHT) which underwent 
corrosion in CaCl2 solution are shown in Fig. 1a and b, Fig. 1c and d 
and Fig. 1e and f, respectively.

According to the SEM with EDX examination, the three types of 
welded samples exhibit diverse corrosion behaviors. The as-welded 
sample exhibited heavily corroded surface with pits ranging from 
270 μm to 360 μm in diameter. EDX analysis found chloride species, 
indicating that chromium and iron were selectively dissolved, most 
likely as chlorides. This mixed corrosion process shows localized 
pitting and general degradation, which are characteristic of untreated 
weld joints exposed to chloride [25]. The LPWHT sample indicated 
a morphology similar to the as-welded condition, but with slightly 
larger pits (310 μm to 370 μm). This indicated that, while LPWHT at 
800 °C was intended to relieve tensions and polish the microstructure, 
it was not completely efficient in preventing the beginning of 
localized pitting corrosion, particularly in chloride environments. 
Localized pitting and similar elemental trends reported in both 
LPWHT and as-welded samples lend support to this theory. The 
HPWHT sample exhibited an evenly corroded surface with no pits. 
EDX examination revealed the creation of a protective oxide layer 
predominantly formed of chromium and iron oxides, with nickel and 
manganese present in trace levels [26]. Surface ruptures occur in as-
welded samples because there is no persistent oxide layer, resulting 
in localized pitting and selective dissolving of alloy components 
such as chromium and iron. This makes the surface susceptible 
to hostile substances such as chlorides. In HPWHT samples, high-
temperature treatment promotes the creation of a homogeneous and 
protective oxide layer, predominantly composed of chromium and 
iron oxides, which greatly lowers surface deterioration and the risk 
of localized corrosion. This homogeneous corrosion pattern, together 
with the existence of a persistent oxide layer, suggests that HPWHT 
at 1000 °C effectively reduces localized corrosion, offering increased 
resistance to chloride-induced pitting [27]. 

3.2 Polarization Curves

Fig. 2 presents the polarization curves of AISI310-AISI2250 at 
as-welded, LPWHT and HPWHT conditions. The parameters of 
potentiodynamic polarization curves of dissimilar joints AISI2205-
AISI310 with different PWHT conditions exposed in the corrosive 
solution are shown in Table 2. At higher temperatures, the as-welded, 

LPWHT, and HPWHT samples behaved differently, according to the 
corrosion characteristics (Table 2). 

Table 2. Parameters of potentiodynamic polarization curves of dissimilar joints AISI2205-AISI310 
with different PWHT conditions exposed in the corrosive solution 

AISI2205-AISI310 
dissimilar joint  

AISI2205-AISI310 AISI2205-AISI310 

Condition As-welded LPWHT HPWHT
βa [mV/decade] 304.7 291.2 134.6 

βc [mV/decade] 71.2 99.6 51.3 

Ecorr [mV] 231.3 –14.8 56.9 

Icorr [mA/cm2] 5.26×10–3 mA/cm2 4.6×10–4 mA/cm2 1.4×10–4 mA/cm2

Fig. 2.  Polarization curves of AISI310-AISI2250 at as-welded, LPWHT and HPWHT

The as-welded sample had the maximum corrosion rate  
(βa = 304.7 mV/decade, βc = 71.2 mV/decade). The corrosion potential 
Ecorr was measured at 231.3 mV, and the corrosion current density 
Icorr was 5.55 × 10–3 mA/cm², suggesting maximal susceptibility. 
Corrosion potential (Ecorr) denotes a material’s ability to corrode; a 
lower Ecorr indicates greater susceptibility. Corrosion current density 
(Icorr) indicates the rate of material degradation. Higher Icorr values, 
as seen in the as-welded sample, indicate faster corrosion and a 
greater sensitivity to corrosion in severe conditions. In comparison to 
the as-welded sample, the LPWHT sample demonstrated a moderate 
improvement in corrosion resistance. With βa at 291.2 mV/decade 
and βc at 99.6 mV/decade, the corrosion potential Ecorr was found to 
be –14.8 mV.

The corrosion current density was 4.71 × 10–4 mA/cm² (Icorr), 
indicating a medium corrosion rate. Among the samples tested, 
sample C (HPWHT) exhibited the superior resistance to corrosion. 
This was evident by its lowest Tafel slopes (βa at 134.6 mV/decade 
and βc at 51.3 mV/decade). Additionally, it had the lowest corrosion 
potential (Ecorr at 56.9 mV) and current density (Icorr at 1.45 × 10–4 
mA/cm²), signifying minimal corrosion susceptibility.

3.3  Electrochemical Noise Measurements

Fig. 3 presents the current and potential time series at 55 ºC for as-
welded, LPWHT and HPWHT.  These data were used for showing 
the major localized corrosion activity, taking into account the three 
typical forms of electrochemical noise generated by different types of 
corrosion processes [28]:
a. Type I (Pitting): Consist of transients of high intensity with a high 

repetition rate. This type of corrosion is often characterized by the 
sudden appearance of small holes or pits in the metal surface. 
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b. Type II (Mixed): It is a combination of transients of type I and 
oscillations of short amplitude. This type of corrosion suggests a 
combination of localized pitting and a more general attack on the 
metal surface.

c. Type III (Uniform): The pattern noise is formed by oscillations 
of low amplitude. This type of corrosion refers to a gradual and 
relatively even attack on the entire exposed metal surface. 
The as-welded specimens exhibited the highest corrosion rate, 

indicated by significantly higher current density values compared 
to LPWHT and HPWHT. As-welded specimens generally showed 
potential and current time series with random oscillations of 
extremely low intensity, resembling those observed at LPWHT 

& HPWHT. In comparison to LPWHT & HPWHT samples, the 
potential noise for as-welded specimens showed a greater range, 
roughly 118 mV, suggesting a nobler nature. This is consistent with 
the distinct way that the CaCl2 corrosion system responds to heat 
treatment and lines up with the behavior shown in the polarization 
curves. LPWHT sample’s current and potential time series showed 
a clear noise pattern with noticeable transients and oscillatory 
behavior. In electrochemical noise studies, oscillatory behavior in 
LPWHT samples showed occasional breakdown and recovery of the 
passive oxide layer caused by localized pitting corrosion [29]. This 
indicated increased activity, especially on 5th and 6th day, which was 
compatible with localized corrosion or the breakdown and recovery 

a)           b) 

c)           d) 

e)           f) 
Fig. 3.  Current and potential time series of the dissimilar joints exposed to CaCl2 solution; a) current time series for as-welded, b) potential time series for as-welded,  

c) current time series for LPWHT, d) potential time series for LPWHT, e) current time series for HPWHT, and f) potential time series for HPWHT



SV-JME   ▪   VOL 71   ▪   NO 1-2   ▪   Y 2025   ▪   7

Production Engineering

of the passive film. Interestingly, the transient activity that was seen 
on those days did not persist for the duration of the experiment, 
suggesting that the process was localized and only took place on 
those days. It is possible to interpret the notable transients seen on 
those two days as the rupture of the passive oxide coating or localized 
corrosion events because they were marked by abrupt current rises, 
potential decreases, and recovery. The rupture of the passive oxide 
coating in LPWHT samples happens when the protective film that 
typically protects the metal from corrosion becomes unstable due to 
localized pressures, impurities, or environmental conditions. This 
disintegration exposes the underlying metal to corrosive chemicals, 
which accelerates localized corrosion. Factors such as chloride ions, 
temperature variations, and mechanical stressors can all weaken 
the oxide layer and cause it to break. Once the protective coating is 
compromised, corrosion accelerates until the oxide layer reforms or 
stabilizes [30].

Even though these transients were noticeable on those two days, 
the remaining time series showed low-amplitude random oscillations 
that might have contributed to the localised activity in addition to a 
mixed corrosion process [31]. This aligned with the findings from the 
SEM analysis, indicating both techniques identified the susceptibility 
of AISI2205-AISI310 joints to a combination of localized and mixed 
corrosion processes. HPWHT showed no notable anodic or cathodic 
transients in the current and potential time series, in line with the as-
welded condition. For HPWHT, the current density stayed negative 
and extremely low, indicating a low expected rate of corrosion. 
The cathode electrode’s preferential dissolution was indicated by 
the negative values, which essentially reversed the direction of the 
current. The present time series indicated low-amplitude random 
oscillations without any notable anodic transients and just two 
notable cathodic transients that would indicate the metallic oxide film 
recovering [32]. As-welded specimens displayed markedly higher 
current densities than PWHT2, indicating accelerated corrosion 
rates with rising temperature, a characteristic observed in the CaCl2 
corrosion system as reported in previous studies [33]. 

3.4  Localization Index 

The localization index (LI) was computed in order to measure the 
correlation between the electrochemical noise signals and the 
corrosion process. Localized corrosion activity is shown by LI, which 
is the ratio of the current noise standard deviation (σi) to the root-
mean-square current value (Irms). The range of LI values, typically 
between 0 and 1, is taken into account in the study. LI approaches 
1 for current fluctuations that are noticeably greater than the mean 
current. On the other hand, LI values near 0 suggest that current 
fluctuations are negligible in relation to the mean current [34].

Localization index of AISI2205-AISI310 dissimilar joints 
exposed to CaCl2 at different PWHT conditions are shown in Fig. 
4. Throughout the experiment, LI values were computed from 
each time series record derived from the electrochemical noise 
measurements. Values for the localization index were primarily 
found in the interval between the uniform and mixed corrosion 
zones. The mixed corrosion zone was primarily where the LI of the 
as-welded sample was located. This observation was consistent with 
multiple transients being present in the electrochemical noise pattern, 
indicating a combination of more widespread corrosion processes 
and localized assault. Multiple transients in the LI show the presence 
of various corrosion mechanisms, including both localized and 
uniform corrosion processes. This indicates that the electrochemical 
environment is unstable, with fast swings in corrosion activity 
resulting in pitting and general degradation, which is typical of mixed 
corrosion behavior [35]. SEM data, which show a greater vulnerability 
to localized corrosion attack, supported this observation. 

Fig. 4.  Localization index (dimensionless) of AISI2205-AISI-310 dissimilar joints exposed to 
CaCl2 at different PWHT conditions

The LPWHT sample exhibited LI values positioned near the 
border between uniform and mixed corrosion zones. This suggested 
an intermediate behavior, where localized corrosion was less 
pronounced compared to the as-welded condition. In mixed corrosion 
zones, intermediate behavior in LPWHT samples results from partial 
stabilization of the passive oxide layer, which reduces the severity 
of localized corrosion when compared to as-welded samples. This 
results in less noticeable pitting while yet allowing for some localized 
attack, showing a balance of uniform and localized corrosion 
processes [36] and [37]. This might be attributed to the absence of 
significant transients in the corresponding electrochemical noise 
data, potentially indicating a reduction in localized activity due to the 
low-temperature post-weld heat treatment. In contrast, the HPWHT 
sample maintained the LI firmly within the uniform or generalized 
corrosion zone. This consistency aligned with the minimal transients 
observed in the electrochemical noise pattern, suggesting a 
predominantly uniform corrosion process [38]. 

4  CONCLUSIONS

The corrosion performance of post-weld heat-treated AISI2205-
AISI310 dissimilar stainless steel joints exposed to a 5 % CaCl2 
solution for twelve days was investigated experimentally. The 
study incorporated SEM analysis alongside polarization curves, 
electrochemical noise data, and electrochemical impedance plots. 
According to the results, LPWHT joints and as-welded joints 
displayed a mixed corrosion process, while HPWHT joints (treated 
at 1000 ºC) displayed a uniform corrosion process. HPWHT joints 
had noise signals with a low amplitude and high-frequency pattern, 
according to electrochemical noise analysis, which coincided with 
the uniform corrosion that was seen visually. As-welded and LPWHT 
joints, on the other hand, showed many medium-intensity transients, 
indicating a more intricate corrosion process. A helpful indicator 
of corrosion localization was produced by the localization index 
parameter, which matched the visual observations of the corroded 
samples quite well.
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Študija korozije neenakih zvarov AISI2205 in AISI310 po varjenju  
z elektrokemično analizo šuma

Povzetek Korozijsko obnašanje neenakih zvarov nerjavnih jekel AISI310 in 
AISI2205v 5-odstotni raztopini kalcijevega klorida pri 50 °C je bilo raziskano 
pod tremi pogoji: kot varjeno, z nižjo toplotno obdelavo po varjenju pri 800 
°C in z višjo toplotno obdelavo po varjenju pri 1000 °C. Mikrostrukturna 

analiza je pokazala izrazito jamasto korozijopri varjenem vzorcu, pri čemer so 
bile širine jamic med 270 μm in 360 μm. Vzorec z nižjo toplotno obdelavo 
je imel večje vdolbine (310 μm do 370 μm), medtem ko je pri vzorcu, ki je 
bil toplotno obdelan višje, opaziti homogeno korozijo z zaščitno oksidno 
prevleko. Najvišjo stopnjo korozije je imel varjeni vzorec, sledil mu je nizko-
toplotno obdelani vzorec z zmerno stopnjo, najnižjo stopnjo korozije pa 
je imel visoko-toplotno obdelani vzorec. Gostote korozijskega toka so bile  
5,26 × 10–3 mA/cm², 4,6 × 10–4 mA/cm² oziroma 1,4 × 10–4 mA/cm². 
Elektrokemične meritve šuma so potrdile te ugotovitve, pri čemer je vzorec, 
ki je bil obdelan z višjo toplotno obdelavo, pokazal zanemarljivo lokalizirano 
korozijo in homogeno korozijsko obnašanje.

Ključne besede AISI2205, AISI310, korozija, elektrokemijska impedančna 
spektroskopija, CaCl2


