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ABSTRACT 

Corrosion is defined as the demolition of metals or alloys by the surrounding moist 

and humid environment through chemical and electrochemical changes. Corrosion 

takes place in the presence of O2 gas, hence it is an oxidation reaction. Almost all the 

metals corrode but, the rate of corrosion of different metals differ. A majority of metal 

and alloys suffer pitting in solution containing chloride or other halide ions. Pitting is 

a form of extremely localized attack that results in holes in the metal. These holes may 

be small or large in diameter, but in most cases they are relatively small. Pits are 

sometimes isolated or so close together that they look like a rough surface. In order to 

generate adequate information on the effect of FCA cladding process parameters on 

pitting corrosion resistance of 317L type stainless steel clad in chloride containing 

solution, pitting corrosion studies were carried out. 

Keywords: Corrosion, Humid Environment, Pitting, Stainless Steel, Critical Pitting 

Potential, Electrochemical 

1. INTRODUCTION 

In view of wide variation in heat input, different fusion welding processes may affect the delta 

ferrite content and morphology, which in turn may affect the corrosion behavior of austenitic 

stainless steel clad. Hence, the pitting corrosion studies on the austenitic stainless steel 

claddings were conducted using Potentio dynamic anodic polarization test which is accelerated 

electrochemical corrosion test in chloride solution as per ASTM G5 standard.  

Since pitting corrosion test gives quantitative results with high repeatability and more 

information relevant to corrosion attack on austenitic stainless steel clad range of environmental 

conditions than boiling acid test (Murugan 1993 and AWS 1981), it was considered appropriate 

for the present study. The pitting corrosion resistance parameters like Corrosion Potential 

(Ecorr), Critical Pitting Potential (Epit) were measured from the test (Electrochemical 1989, 

Basics 1987). 

2. CAUSES OF CORROSION 

Corrosion can be caused by reactivity of metals. The following are the common causes of 

corrosion. 
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This chemical formula of rest (Fe2 O3. nH2O) is caused in the presence of salt accelerates 

or speed up the rate of Corrosion. Generally Corrosion can be caused by different types of 

factors those are reactivity of metal, presence of impurities, presence of electrolyte, presence of 

air moisture gas like O2 and CO2. 

2. PITTING CORROSION TEST 

The following procedure was employed for the preparation of specimen for corrosion test. Clads 

obtained from the experiments conducted for bead geometry studies presented in chapter 3 were 

used for the pitting corrosion studies. Specimens of size 30 mm x 25 mm x 20 mm were cut 

from the FCA claded plates in such a way that the clad portion was at the centre of the sample. 

The surface of the test specimens were wet polished with 600µm alumina slurry on a microcloth 

mounted polishing wheel as per ASTM E13 and rinsed thoroughly with distilled water before 

conducting the experiment. The experimental setup consisting of ACM Gill 5500 Potentio-stat 

& Galvano-stat instrument with a flat cell in three-electrode configuration were used. The 

schematic diagram of corrosion testing setup is shown in Figure 1 The working electrode 

comprised of AISI 317L clad specimen. A Saturated Calomel Electrode (SCE) and platinum 

gauze were used as reference and counter electrode respectively. 
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Figure 1: Schematic diagram of corrosion testing setup 

A flat cell of 250 ml was used to carry out the pitting corrosion test. The flat cell consists 

of glass cylinder clamped horizontally between two end plates. One end plate houses the 

working electrode and other houses the counter electrode. The reference electrode is housed in 

luggin well, with a fixed Teflon luggin capillary protruding from the bottom of the well. A viton 

gasket on each end plate seals the plate to the cylinder preventing electrolyte from leaking. The 

clad sample is held against well by adjustable shoe assembly. The shoe makes electrical contact 

with the back surface of the clad sample through copper rod and secures the sample against a 

Teflon gasket. A Teflon gasket exposes a 1 cm2 area of the working electrode to the cell 

solution. The gasket uses a unique knife-edge design to greatly reduce crevice corrosion at the 

edges of the sample area. The luggin well is filled with test solution and the solution in the well 

should flow through the capillary by capillary action. Luggin capillary is positioned to point 

directly at the center of the working electrode.  

Clad specimen was placed in the flat cell in such a way that only polished surface of weld 

portion was exposed to test solutions. Suitable care was taken to avoid crevice corrosion to 

occur between test surface and epoxy resin. Test solution of 3.56% (by weight) sodium chloride 

was prepared by dissolving 34 g of reagent grade NaCl in 920 ml of distilled water. The flat 

cell was filled with 250 ml of test solution and the temperature was maintained at 30 ± 2ºC. 

After filling the cell with test solution, presence of gas bubbles trapped in the luggin capillary 

is checked for and if present should be pumped out. All the three electrodes are connected to 

corrosion measuring instrument through the lead provided in the flat cell. 

The test is commenced by measuring open circuit potential after the clad samples had been 

immersed for 50 minutes in non-deareated chloride solution in the flat cell to allow for rest 

potential to settle. A potential scan was applied beginning at -400 mV and scanned in more 

noble direction to 600 mV at a rate of 0.6 V/h. The current density was measured continuously 

using the data acquisition software provided with the instrument. A graph was plotted with 

current density in logarithmic scale along X-axis and potential along Y-axis using the analysis 

software. The pitting potential Epit was measured from the anodic polarization curves at the 

point where there was a rapid increase in current density to10 mA/cm2 in passive region 

(Lothongkum 1999). All the potentials measured were with respect to SCE. Figures 2 to 4 show 

the typical potentiodynamic anodic polarization curve showing Epit and Ecorr for low, medium 

and high heat input specimens respectively.  
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The test conditions for Potentio-dynamic anodic polarization technique are given in Table 

5.1. For each clad specimen, the value was taken as Epit and Ecorr. Figure 5.5(a) shows the 

photomicrograph view of the specimen after the test was over and its shows the pitted spot and 

Figure 5.5(b) shows the measured area of the pit.  

 

Figure 2: A Typical potentiodynamic anodic polarization curve for low heat input specimen no. v 11 

 

Figure 3: A typical potentiodynamic anodic polarization curve for medium heat input specimen no. v 

26 
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Figure 4: A typical potentiodynamic anodic polarization curve for high heat input specimen no. v 14  

 

Figure 5: Photomicrograph showing exposed surface of overlay specimen no. v26 after pitting 

corrosion test showing the (a) Pitted spot and (b) Pitted area 

Table 1 Pitting corrosion testing parameters 

S.No. Description Parameter Values 

1 Surface Finish Wet polish with 600-grit SiC paper 

2 Test Solution 3.54% NaCl (Non de-aerated) 

3 Temperature 30 ± 2ºC 

4 Cell settling time 50 minutes 

5 Initial Potential -400 mV 

6 Final Potential +600 mV 

8 Scan Rate 
0.6 mV/h both in forward and 

reverse direction 

9 Scan Increment 10 mV/min 

10 Area of specimen exposed 1 cm2 

11 Equipment used ACM Gill 5500 Potentiostat 

12 Parameters Studied 
Corrosion potential (Ecorr) and  

Pitting potential (Epit) 
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3. RESULTS AND DISCUSSION 

From Table 5.2, it is clear that pitting potential gradually decreases with increase in heat input. 

When the heat input increases, dilution increases as a result of which pitting potential decreases. 

Hence, decrease in pitting potential indicates that there is decrease in pitting corrosion 

resistance of the cladding.  

It is also true that when, the width increases dilution increases. So due to increase in width, 

the pitting potential decreases. This could be due to the main cause of decrease in reinforcement. 

As a result the dilution increases, pitting potential decreases. So, the pitting corrosion resistance 

decreases with increase in width. Anderko et al (2005) found the protection potential as -391mV 

for 316L SS in a chloride medium, thus it can be noted that 317L claddings have better pitting 

corrosion resistance. 

Table 5.2. Observed values of pitting corrosion parameters 

Specimen 

No. 
Specimen Name 

Ecorr 

mV 

Epit 

mV 

V 11 Low Heat Input -300 150 

V 26 Medium Heat Input -570 -250 

V 14 High Heat Input -600 -200 

CONCLUSION 

1. The pitting corrosion resistance of low, medium and high HI cladding specimens 

were studied. The results indicated that pitting corrosion resistance has significant 

influence on heat input. 

2. It was found that pitting corrosion resistance decreases with increase in heat input. 
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