
Proceedings of the 4th Environmental Physics Conference, 10-14 March 2010, Hurghada, Egypt 

 

-133- 

 

 
NON DESTRUCTIVE TESTING MEASUREMENT FOR 

MONITORING PITTING CORROSION USING DCPD 

TECHNIQUES 
 

A. Atlam*, A.A. Omar*, A.F. Waheed**, M. Shafy**  

and M. Habashy** 
 

* Azhar University, Faculty of Engineering, Cairo, Egypt 

** Atomic Energy Authority, Cairo, Egypt 

     

                                               

A repeatable monitoring of pit from in accessible side of a welded side of a structure is 

one the hurdles in field of NDT. The present work uses the DC potential drop 

measuring system for evaluating the response of pits in the weld joints to be detected 
by DC potential drop measurements. Weld joint of type 304L stainless steel welded 

with 308L was tested. Selected pits in different zones of the weld joint were detected 

by optical microscopy. The PD test shows difference in potential between pitted and 

non-pitted weld joints ranging from 1.3 in BM to 1.7 in HAZ.  

The capability of the present monitoring process can be extended to evaluate the 

reduction in thickness for the case of thick stainless steel structure.        

Keywords: Nondestructive testing, Direct current potential drop, Pitting corrosion. 

 

INTRODUCTION 

Non-destructive testing (NDT) techniques are aiming at determine the integrity of a 

material component or structure. NDT allows inspection without interfering with the 

final product. The main goal of NDT is to predict or assess the performance and service 

life of a component or a system at various stages of manufacturing and service cycles 
(1)

.                 

The potential drop (PD) method of evaluation is based on the principle that the 

electrical resistance of a body or location changes due to the presence of a geometrical 

defect.  The corresponding electrical potential across the defect or flaw is measured by 

sending a current to the test piece and compared with that at the position of no defect. 

The simplest system of the potential drop (PD) measuring system uses two pairs of 

probes, one for current input and output and other for measuring the potential drop 

(PD). The two versions of the potential drop (PD) method are Direct current (DC) and 

alternating current (AC) processes were from many years investigated 
(2, 3)

. The direct 

current potential drop (DCPD) technique has gained wide acceptance in the field of 

nondestructive evaluation (NDE) as one of the most accurate and efficient methods for 

monitoring the material defects. Special cares have to be taken in the measurement of 

ACPD as the induced electromotive fore given rise to a voltage in addition to that due 

to the defect, which is a noise. Also the design of a constant AC source is more 

complex than that of DC counter part 
(4)

. 
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 The application of the DCPD is not only limited to monitor of material defects, it is 

also include metal sorting, alloy identification and monitoring the heat treatment of 

metallic alloys, also Evaluating thickness reduction of pressure vessels, measuring the 

surface topography to determine local material conductivity 
(5)

. 

As far as it is known no researches were conducted using (DCPD) method to monitor 

pitting corrosion, so the main aim of the present work is monitoring the pitting 

corrosion in weld joints of stainless steel type 304L welded with 308L an alloy used in 

construction of nuclear reactors. 

 

EXPERIMENTAL WORK 

I. Formation of pits 

Weld joint specimens of stainless steel type 304L welded with type 308L.The 

dimensions of weld joint are 45mm x 8mm x 5mm.  The welding process was shield 

metal arc welding (SMAW) at 55Amp, and 60Volt, the electrode type was AWSE 

308L. 

To form pits the weld joint was potentiostatically polarized in 10% NaCl solution for 

15 min, at +400mv vs. SCE. Selected pits were marked with optical microscopy at X 

200 in deferent zones of weld joint. The selected pits were four in base metal (BM), 

two in heat affected zone (HAZ) and one in weld metal (WM) as shown in Fig (1).  

                                                 

II. Detection of pits by DCPD method 

The distribution of the selected pits is shown in Fig (2). The installation consists of two 

metal skids which are fixed to the surface of the specimen at the two ends. A direct 

current of 1.5A passes through the skids (Fig (3)). 

To measure potential drop a Voltmeter was used; the leads of the voltmeter were 

positioned at the two sides of the pit as shown in Fig 3).The same process was applied 

to none corroded weld joint as reference points.                                                                                            

 

III. Determination of constant K                                               

The process was calibrated according to calibration block, which was developed for 

present work; this calibration block was based on Nord test
 (6)

. Artificial pits with 

different diameters of 0.1mm, 0.2mm, 0.3mm at a depth equal the diameter were used 

to measure of the potential drop (PD) at sides of the artificial pits. The artificial pits 

were drilled at different zones of the weld joint of the specimen, namely (BM), (HAZ) 

and (WM); Fig (4).The curve of the calibration of the pits is shown in fig (5).The 

equation used in calibration was        

D = K (Vc-Vo) 

where:  D: diameter of pit, Vc: potential of pitted specimen, Vo: potential of non pitting 

specimen. 

K: constant this is 0.3mm /volt for 304L stainless steel used in this study of non pitting 

specimen. 

              

The calibration process uses to verity the value of constant K, which in the case of 

studied 304L stainless steel, the constant current potential drop process is effective in 

monitoring pits diameter, by the difference in potential drop between none corroded 

specimens and corroded one. 
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RESULTS AND DISCUSSION 

I-Theoretical Approach 

In a theoretical approach Bowler 
(7) 

derived an expression for voltage measured by four-

point probe in contact with large metal plate of arbitrary thickens. The expression for 

thick plate was;   

V∞=   1/2π [1/√ (s+q) 2 – 1/√ (s-q) 2- 1/√ (s +p) 2 + 1/√ (s-p) 2] 

where: 

V∞ = voltage through thick plate,  S1&S = the current injection points, q & p = the 

voltage pick up points  

From the above expression, it was concluded that the voltage measured in DCPD 

process is a function in current injection points and voltage pick up points around the 

defect, which means as the probes become nearer to defect the potential drop increases.   

DCPD measurements have the advantage of being independent of the magnetic 

permeability of the metal, so this technique can be used to test ferrous metals, where as 

ACPD method can not 
(7)

.    

The DCPD method works well for low -conductivity materials such as semiconductors 

because the measured potential is inversely proportional to material conductivity 
(8)

. 

The test zones of the weld joint were BM, HAZ, and WM, the structure of these 

different zones is shown in fig (5). The results of DCPD method was used to test the 

presence of pits in a pitted weld joints of 304L stainless steel welded with 308L 

electrode are given in table (1) which   shows the DCPD test of pitted stainless steel 

304Lweld joint, it can be observed that for BM the potential in none corroded specimen 

is 0.36 mv while that in corroded zone is 0.48 mv, which shows an increase in potential 

by 1.3 times.  

The DCPD test in HAZ, in none corroded specimen the potential is 0.39 mv, while in 

corroded specimen the potential is 0.66 mv which means an increase in potential by 1.7 

times. 

The DCPD test in weld metal zone, in the none corroded specimen the potential is 0.4 

mv, as for the corroded area the potential is 0.65 mv which give an increase in potential 

by 1.5 times in corroded area.  

The increase in potential of corroded zones in the pitted weld joints is due to increase in 

resistance because of the presence of pits in these zones 
(9)

.  

The microstructure difference of the different zones of weld joint is shown in Fig (5). It 

is seen that the BM is characterized by equiaxial austenitic grained structure which 

contains twins. As for weld metal the microstructure reveals discontinuous network of 

delta ferrite vermicular morphology. HAZ shows a coarser morphology than WM with 

precipitates on grain boundaries. That microstructure gives the difference in the 

potential drop (PD) between non-pitted and pitted specimens; it is 1.3 times in BM, and 

1.7 times in HAZ which it is 1.5 times in WM.   

It means that the pits in HAZ is deeper that these in BM and WM. In case of WM pit is 

the less deep because of fine microstructure while that of HAZ is coarser in 

morphology than that of WM. 
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Table 1. PD of different zoned for non-pitted and pitted weld joint of stainless steel 304L 

welded with 308L   

Potential Drop, mV 

BM HAZ WM 

Non-Pitted Pitted Non-Pitted Pitted Non-Pitted Pitted 

0.36 0.48 0.39 0.66 0.40 0.65 

 

 

Fig. 1. Morphology of pits (X200) 

 

 

Fig. 2. Selected pits in distribution stainless steel type 304L weld joint with 308L 
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Fig. 3. Measurement principle 

 

 

Fig. 4. Calibration block curve for artificial pits 
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Fig. 5. Microstructure of different zones of weld joint 

 

CONCLUSIONS 

Testing of pitted different zones for pitted weld joint of type 304L specimens stainless 

steel weld with 308L by DCPD method shows that the four point probes can be 

effective in detection of pits and in comprising the depth of pits in different zones of 

weld joint. 

The possibility for application in DCPD test have importance in tackling  problems of 

corrosion in weld joint in power generating plants. 
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