
  

Int. J. Electrochem. Sci., 14 (2019) 4812 – 4827, doi: 10.20964/2019.05.49 

 

International Journal of 

ELECTROCHEMICAL 
SCIENCE 

www.electrochemsci.org 

 

 

Effect of Dissolved Oxygen on Pitting Corrosion Behavior of 

Low-Alloy Steel under Hydrostatic Pressure 

 
Hongyi Su, Yi Liang, Yujiang Wang, Bo Wang, Hui Tong, Yue Yuan, Shicheng Wei*  

National Key Laboratory for Remanufacturing, Army Academy of Armored Forces, Beijing 100072, 

PR China 
*E-mail: wsc33333@163.com 
*E-mail: liangyi365@126.com 
 

Received: 28 January 2019  /  Accepted: 11 March 2019  /  Published: 10 April 2019 

 

 

Effect of dissolved oxygen on pitting corrosion behavior of low-alloy steel under hydrostatic pressure in 

neutral 3.5 wt.% NaCl solution was investigated by scanning electron microscope (SEM), 3-D measuring 

microscope and so on. The results show that the combined effect of hydrostatic pressure and dissolved 

oxygen increases the overall growing rate of corrosion pits and causes deeper corrosion pits but decreases 

their sizes in the horizontal direction. Electrochemical measurement results reveal that dissolved oxygen 

dominate the corrosion kinetics of low-alloy steel in the environment containing high hydrostatic 

pressure and high dissolved oxygen by accelerating cathodic process, slowing down the anodic process 

and promoting open circuit potential (OCP). Consequently, the increased charge transfer process makes 

the pits have a larger volume and depth. Meanwhile, the decreased initial potential energy difference 

based on energy theory calculation at the initiation site by dissolved oxygen possibly inhibits the pitting 

growth in the horizontal direction.  
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1. INTRODUCTION 

Nowadays, the scientific activities for the mysterious deep sea are proceeding at a high rate. 

These work depend on the deep-sea devices such as underwater robot, submersible and so on. The 

devices made of metal materials are immersed in deep-sea water day and night, suffering severe 

corrosion. Once corroded, their mechanical performances will be greatly degraded. Therefore, the 

corrosion problems in deep-sea environment have gathered extensive concern of many scientific 

researchers.  There are various factors that can affect the corrosion behavior of metals in deep-sea 

environment. Among them, hydrostatic pressure is an unique factor, which increases 1atm per 10m in 

depth. In the past several decades, the effect of hydrostatic pressure on metal corrosion is always a focus 
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1. Beccaria [6, 7] is one of the researchers firstly engaging in this aspect of study. The main results can 

be described that hydrostatic pressure accelerates the localized corrosion of aluminum and its alloys, 

leading to deeper corrosion pits. An investigation provided by Zhang, et al. 8 reveals that hydrostatic 

pressure degrades the pitting resistance of 316L stainless steel by decreasing Fe(III)/Fe(II) ratio, Cr(III)-

oxides as well as structural inhomogeneity of the passive films. However, these experimental results 

from laboratory can neither apply nor well explain the corrosion phenomena in deep-sea environment 

because dissolved oxygen as a significant factor for corrosion also changes evidently with water depth. 

Therefore, studying the combined effect of hydrostatic pressure and dissolved oxygen on the corrosion 

behavior of metals is needed to distinguish the corrosion phenomena in deep-sea environment. 

Low-alloy steels are widely used for marine structures owning to excellent mechanical properties 

and good weldability. Unlike stainless steels, these steels show quite different localized corrosion 

behaviors at hydrostatic pressure including pit morphology, formation kinetics and mechanism. The 

main point about hydrostatic pressure effect on the corrosion of low-alloy steel can be described that 

hydrostatic pressure can accelerate the interaction between metal matrix and Clˉ, the pitting propagation 

in 3D direction, and the transform from pit corrosion to uniform corrosion 9. This point is convincing as 

hydrostatic pressure is the unique variable. But under the condition that hydrostatic pressure is combined 

with dissolved oxygen, the corrosion mechanism of low-alloy steel are not readily understood. Hence, 

doing this part of work will benefit the understanding of corrosion phenomena in deep-sea environment 

and material design.  

In our report, the combined effect of hydrostatic pressure and dissolved oxygen on the pitting 

corrosion of low-alloy steel in neutral 3.5 wt.% NaCl solution is investigated. One interesting 

phenomenon is found in our work that these two combined factors accelerate the growth of pits in the 

depth direction, meanwhile inhibit their propagation in the horizontal direction. More detailed work was 

carried out to explain this phenomenon. 

 

 

 

2. EXPERIMENTAL METHOD 

2.1 Material and solution 

A hot rolled plate of low-alloy steel was used as test samples. The composition of it is shown in 

Table 1. The samples cut into a size of 20 mm  20 mm  4 mm were used for morphology observations. 

The samples cut into a size of 10 mm  10 mm  4 mm for electrochemical measurements were 

embedded in epoxy resin, leaving an open area of 1cm2. All the samples were ground to 2400 grit-finish, 

polished with 2 µm diamond polishing film, and then cleaned with distilled water and acetone before 

test. The testing environment was a neutral 3.5 wt.% NaCl solution at room temperature (25±1℃). 

 

Table 1. Chemical composition of the studied low-alloy steel (wt.%) 

 

Element C Si Mn Cr Ni Mo V Fe 

Mass % 0.1 0.29 0.57 0.6 4.96 0.6 0.09 Bal. 
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2.2 Experimental equipment 

Schematic diagram of the experimental setup is presented in Fig. 1. It consists of pressure vessel, 

pneumatic liquid booster pump, temperature control and dissolved oxygen control system. As the 

experimental setup works, the pneumatic liquid booster pump connected to the air pump pushes the 

aqueous solution into the pressure vessel through high pressure ventilation generated by the air pump. 

The increased aqueous solution can compress the remaining gas in pressure vessel and hydrostatic 

pressure can be obtained. To investigate the combined effect of hydrostatic pressure and dissolved 

oxygen on the corrosion behavior of steel, it is necessary to ensure that these two factors change at the 

same time. One of the simple methods is using air as pressurization gas. According to Henry’s Law, as 

the hydrostatic pressure increases, the dissolved oxygen concentration increases linearly, and the 

hydrostatic pressure and dissolved oxygen concentration can be identified under various conditions. In 

this study, as the hydrostatic pressure increases from 1 atm to 60 atm, the concentration of dissolved 

oxygen correspondingly increases from 2.710-4 mol/L to 1.610-2 mol/L. The test condition at 

atmospheric pressure is denoted as AP and the combined condition at high hydrostatic pressure and high 

dissolved oxygen is denoted as HPO.  

 

 
Figure 1. Schematic diagram of the experimental setup. 

 

2.3 Electrochemical measurement 

Potentiodynamic polarization measurements were conducted using a conventional three-

electrode system. The steel sample was used as the working electrode, Pt plate as the counter electrode 

and Ag/AgCl as the reference electrode. The potential scanning rate was 1mV/s from the initial potential 

of -800mV to the ultimate potential of 200 mV before a stable OCP was established within 1h.  

Electrochemical impedance spectroscopy (EIS) measurements were performed after the OCP is 

stable. The test frequency range is from 100kHz to 10mHz, with 10 mV perturbation versus OCP.  The 

obtained results were interpreted by using fitting software ZsimpWin software. 

 

2.4 Morphology observations 

The metallographic structure of the low-alloy steel was observed by optical microscope. The 
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macroscopic appearance of the corroded samples was observed by digital camera. The microscopic 

images of the inclusion and corrosion pits on the low-alloy steel after test were measured by SEM 

combined with Energy Disperse Spectroscopy (EDS). The 3D sizes of corrosion pits were measured by 

confocal scanning laser microscope (OLYMPUS OLS4000) after removing corrosion products by 

hexamethylenetetramine contained hydrochloric acid solution. 

 

3. RESULTS AND DISCUSSION 

3.1 Microstructure  

 
 

Figure 2. The metallographic structure of the low-alloy steel. 

 

 

 
 

Figure 3. SEM and EDS analysis of inclusions within the low-alloy steel sample:(a), (b), (c) and (d) 

inclusions at different locations, respectively. 

 

The metallographic structures of the low-alloy steel are shown in Fig. 2. There are two different 

kinds of morphologies, parallel bainite and polygonal ferrite. Fig. 3 shows the morphologies of some 
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typical inclusions on steel surface. The dark regions in the picture are the typical inclusions.  EDS results 

reveal that the inclusions are the compounds of Mn-Ca-S 12. , which present a spherical shape (Fig. 3a, 

Fig. 3b and Fig. 3c) or polygonal shape (Fig. 3d)13. In general, the inclusions have a size of several 

microns. 

 

3.2 Pit observation  

The macroscopic corrosion morphologies of the low-alloy steel tested at AP and HPO after 6h 

immersion were shown in Fig. 4. The dark spots in picture are the localized corrosion regions and their 

formation is associated with the enlargement or the coalescence of pits. The brown areas are the cathode 

regions. Notably, the amounts, sizes and distribution patterns of the dark spots at HPO are different with 

AP. The number of the megascopic dark spots formed at HPO are more than AP, however, most of them 

formed at HPO have smaller sizes than AP. Additionally, the dark spots occur nearly on the entire surface 

at HPO while take place at localized areas at AP. It indicates that HPO stimulates the generation of 

corrosion pits but inhibits their propagation in the horizontal direction or their coalescence. 

 

 
 

Figure 4. The macroscopic corrosion morphologies of low-alloy steel after 6h immersion in neutral 3.5 

wt.% NaCl solution: (a), (b), (c) at AP; (d), (e), (f) at HPO. 

 

SEM images of the corrosion pits for low-alloy steel formed at AP and HPO after 6h immersion 

are shown in Fig. 5. Pits  form at inclusions both at AP and HPO. EDS results reveal that the initiation 

sites are both the compounds of Mn-Ca-S. It seems that the corrosion pits initiate at the junction of 

inclusion and substrate 16, as shown in Fig. 5(a). Due to the chemical inhomogeneity, these zones usually 

have high dissolved activity and could be the initiation sites of corrosion pits. In Fig. 5(b), the inclusion 

in pit at HPO is not readily distinguished in the picture. EDS results reveal that the inclusion site might 

be covered with corrosion products. 
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Figure 5. The microscopic morphologies of the corrosion pits on low-alloy steel samples after 6h 

immersion in neutral 3.5 wt.% NaCl solution: (a) at AP, (b) at HPO. 

 

low-alloy steelThe microscopic morphologies of the corrosion pits on low-alloy steel at AP and 

HPO after 0.5h immersion are shown in Fig. 6. The corrosion pits at AP are composed of an inner circular 

region and an outer annulus region, as shown in Fig. 6(a). The inner circular region exhibits a fold shape 

and the outer annulus region shows a smoother morphology, indicating that the two regions are formed 

in different immersion stages. However, the boundary of corrosion pits between the inner circular region 

and the outer annulus region is not easily distinguished for HPO, as shown in Fig. 6(b). Combined with 

Fig. 5, it can be speculated that the pitting morphology in Fig. 6(a) forms in the preliminary step of pit 

growth. With the growth of pit, the smoother outer annulus changes to fold-like morphology and the 

boundary between the inner circular region and the outer annulus region fades away, as shown in Fig. 

6(b). Therefore, it can be demonstrated that HPO accelerates the growth of corrosion pits.  
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Figure 6. The microscopic morphologies of the corrosion pits on low-alloy steel sample after 0.5h 

immersion in neutral 3.5 wt.% NaCl solution: (a) at AP, (b) at HPO. 

 

 
 

Figure 7. 3D images of corrosion pits on low-alloy steel samples after 0.5h immersion in neutral 3.5 

wt.% NaCl solution: (a) at AP, (b) at HPO. 

 

 
 

Figure 8. 3D images of corrosion pits on low-alloy steel samples after 6h immersion in neutral 3.5 wt.% 

NaCl solution: (a) at AP, (b) at HPO. 
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Fig. 7 and Fig. 8 respectively display the 3D images of the corrosion pits after 0.5h and 6h 

immersion. Apparently, the corrosion pits formed at HPO have a rougher morphology and a more rugged 

cross-sectional profile than at AP both for 0.5h and 6h immersion. It indicates that HPO accelerates the 

pitting growth in the depth direction. However, the sizes of corrosion pits in the horizontal direction 

formed at HPO are smaller than that at AP both for 0.5h and 6h immersion, implying that HPO inhibits 

the horizontal propagation of pits.  

 

3.3 Pit sizes 

Statistical distribution results of the three-dimensional sizes for corrosion pits formed at AP and 

HPO after 3h immersion are shown in Fig. 9. The mean rank method is used to calculate the cumulative 

probability, denoted as n/(N+1), of the pitting geometry parameters including length, width and depth. 

Here, n is the order in the total number of pits and N is the total number. The value in the position where 

cumulative probability P=0.5 expresses the typical sizes of corrosion pits.  

In Fig. 9, the average diameters of the corrosion pits in the length direction and width direction 

for HPO are 149.7 µm and 142.2 µm respectively, which are both smaller than that at AP with 187.4 µm 

and 181.5 µm. It means that HPO inhibit the horizontal propagation of corrosion pits. The depth of 

corrosion pits at HPO with 6.24 µm is bigger than that at AP with 3.18 µm, indicating that HPO increases 

the depth of corrosion pits.  

 

 
 

Figure 9. Statistical distributions results of the 3D sizes of corrosion pits at different testing conditions 

after 6h immersion in neutral 3.5 wt.% NaCl solution: (a) at AP, (b) at HPO. 

 
 

Figure 10. Statistical distributions results of the superficial area and the volume of pits obtained at AP 

and HPO in neutral 3.5 wt.% NaCl solution: (a) superficial area, (b) volume.  
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The cumulative probability results of the superficial area and the volume of the pits formed at 

AP and HPO respectively are shown in Fig. 10. It can be figured out that the average superficial area of 

the pits at HPO with 16162 µm2
 is smaller than that at AP with 18941 µm2 but the average volume of 

pits at HPO with 13755 µm3
 is much bigger than that at AP with 5335 µm3. It indicates that HPO 

accelerates the overall growing rate of corrosion pit but inhibits their growth in the horizontal direction. 

 

 

3.4 Electrochemical measurements 

The experimental results above reveal that HPO inhibits the growth of corrosion pits in the 

horizontal direction, however, accelerates their growth in the depth direction and the overall growing 

rate. This conclusion is different with that obtained by Yang, et al. 11 Their study shows that as 

hydrostatic pressure is the only variable, it accelerates the growth of pits for low-alloy steel in 3.5 NaCl 

solution both in the horizontal and depth direction. It should be noted that the dissolved oxygen 

concentration has a low level in the tests. Hence, it indicates that the main factor that causes the different 

experimental results could be the dissolved oxygen. In order to demonstrate this opinion, the 

potentiodynamic polarization tests were conducted and the results are shown in Fig. 11. Yang, et al. 10 

have found that hydrostatic pressure increases the anodic reaction rate of the steel due to the increased 

activity of Cl
－
 but does not change the cathodic reaction as hydrostatic pressure is a single factor. As a 

result, hydrostatic pressure decreases the corrosion potential of low-alloy steel. However, in the 

combined environment containing high hydrostatic pressure and high dissolved oxygen, the cathodic 

reaction process is accelerated but the anodic process is inhibited. Hence, the corrosion potential of low-

alloy steel shifts in the positive direction. It is well established that the increase of dissolved oxygen 

concentration can increase the cathodic reaction rate and promote OCP 21. Therefore, it is possible that 

the corrosion kinetics of the steel is mainly dominated by dissolved oxygen in the combined environment. 

To confirm the leading role of dissolved oxygen in the corrosion process, OCP tests were conducted both 

at AP and HPO and the results are presented in Fig. 12. It is obvious that the OCP at HPO is more notable 

than at AP, which supports our opinion.   

 

 
 

Figure 11. The potentiodynamic polarization curves of low-alloy steel tested at AP and HPO in neutral 

3.5 wt.% NaCl solution. 
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Figure 12. OCP evolution with time for low-alloy steel at AP and HPO in neutral 3.5 wt.% NaCl solution . 

 

Tafel extrapolation method is used to analyze the potentiodynamic polarization curves and the 

fitted results are shown in Table 2. It is seen that both cathodic Tafel constant, bc, and anodic Tafel 

constant, ba, for AP have a similar value with the ones for HPO. It indicates that the corrosion mechanism 

of low-alloy steel is not changed by HPO 24. Additionally, the corrosion current density for HPO is 

much higher than the one for AP.  

 

Table 2. The fitted results of potentiodynamic polarization curves for low-alloy steel. 

 

Condition 
Ecorr  

 (mV)  

icorr 

 A cm-2 

ba 

mV/dec  

bc 

mV/dec 

AP -0.608 4.75 66.4 -258 

HPO -0.448 38.3 65.3 -279 

 

 
 

Figure 13. EIS plots of low-alloy steel at AP and HPO in neutral 3.5 wt.% NaCl solution. 

 

EIS measurements of low-alloy steel were carried out at AP and HPO in 3.5 wt.% NaCl solution 

and the results are shown in Fig. 13. The Nyquist plots at AP and HPO are both manifested as a single 
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semicircle, indicating that the impedance behavior of steel specimens both have one time constant 27. 

The sizes of the semicircles can be utilized to demonstrate the charge-transfer resistance of the interface 

29. In general, bigger semicircle means better resistance to corrosion attack. Obviously, the size of 

Nyquist plot at HPO is smaller than that at AP, indicating the acceleration to charge transfer process by 

HPO. 

According to the impedance spectrum features of low-alloy steel, an equivalent circuit (Fig. 14) 

with a time constant is used for fitting EIS results, where Rs is the solution resistance, Rct is the charge 

transfer resistance of the double-layer capacitor, and a constant phase element (CPE) is used to fit the 

depressed semicircles.  

The fitted results using ZsimpWin program are shown in Table 3. In this model, the corrosion 

process is completely controlled by charge transfer resistance, Rct, which can be equivalent to the total 

polarization resistance. The charge transfer resistance Rct is 1817 Ω at AP, which is bigger than that at 

HPO with 296.5 Ω. It indicates that the corrosion process is accelerated by HPO. 

 

 
 

Figure 14. Equivalent electrical circuit for EIS data fitting. 

 

Table 3. Electrochemical corrosion parameters of low-alloy steel specimens in neutral 3.5 wt.% NaCl 

solution. 

 

Condition Time (h) Rs
 (Ω cm2) Qdl

 (μΩ cm-2sn) N Rct
 (Ω cm2) 

AP 1 8.27 807.1 0.78 1817 

HPO 1 8.39 650.2 0.76 296.5 

 

3.5 Initial potential energy calculation 

The results of the electrochemical measurements illustrate that the combined factors of 

hydrostatic pressure and dissolved oxygen increase the volume of pit formed on low-alloy steel due to 

the accelerated corrosion process which is mainly contributed by dissolved oxygen. According to the 

analysis above, the pitting sizes in the horizontal direction relate with dissolved oxygen. Hence, it can 

be speculated that the dissolved oxygen must change some other factors. To figure out the effect of 

dissolved oxygen on the pitting growth in the horizontal direction under hydrostatic pressure, the 
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morphology evolution of a pit at AP was in-situ captured, as presented in Fig. 15. As the steel is immersed 

in NaCl solution, the pit initiates and propagates at a high rate in the horizontal direction, then stops its 

propagation after 400s. Afterwards, it grows in the depth direction, which can be seen from the increased 

corrosion products after 1600s immersion. It reveals that the propagation of pits in the horizontal 

direction occurs at the very beginning of immersion process. It is considered that pitting initiation is 

associated with the potential difference at initiation site. But in other opinion, pitting growth can be seen 

as the transform process from chemical energy to electrical energy. As a result, the propagation of pit in 

the horizontal direction might be affected by the original surface energy of steel.  

 

50mm

(a)

0s 30s 100s 200s 400s 1600s

 

 
 

Figure 15. Times evolution of pit propagation for low-alloy steel at ordinary pressure in neutral 3.5 wt.% 

NaCl solution: (a) morphologies, (b) diameters. 

 

SEM morphologies of the corrosion pits for low-alloy steel show that pits initiate at the interface 

of matrix and inclusion. Zhou et al. and Ke et al. declared that there is a transition region between steel 

and inclusion which is contaminated by the element from inclusion 34. This transition region has a higher 

dissolved activity and has a lower potential than the matrix and the inclusion. Here, we assume that the 

transition region has a homogeneous chemical composition and a uniform dissolved activity. The 

transition region is served as anode and the reaction is displayed as the following: 

 2+Fe Fe 2e   (1) 

The surrounding matrix and inclusion are both served as cathode and the reaction can be shown 

as the following: 

 2 2O 4e 2H O 4OH     (2) 

The typical potential distribution for low-alloy steel at initiation site in NaCl solution is illustrated 

in Fig. 16. Here, it should be noted that the actual potential curve might be a peak-like curve. To simplify 

calculation, a ladder-shaped curve is used to present the potential distribution. From the view of energy, 

pitting corrosion can be seen as an ongoing process of eliminating energy difference at the initiation sites, 

and the absolute value of energy difference can be determined by the respective dissolved activity at 

different surface areas in NaCl solution.  
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Figure 16. The typical potential distribution at pitting initiation site for low-alloy steel.  

 

If we regard the outmost atom layer of transition region as a capacitance, the energy stored by 

capacitance can be equal to surface energy difference between anode and cathode. The electrochemical 

process of pitting corrosion can be seen as a capacitance discharge circuit and pitting growth can be seen 

as the discharge process of capacitance, as shown in Fig. 17. Then the charge density of capacitance is 

positively related with the surface charge generating rate of anode (relative dissolved activity) and 

negatively related with its consumption rate (reaction rate with O2).  

 

Electrolyte

Fe2+ Fe2+ Fe2+ Fe2+

-

Transition regionSteel Inclusion

- - - - - - -

i i

R R

 
 

Figure 17. Supposed capacitance discharge circuit at pitting initiation site for low-alloy steel .  

 

The energy stored by capacitance can be seen as the initial potential energy difference between 

anode (transition region) and cathode (matrix and inclusion) and the initial growth of pits can be regarded 

as the discharge process of capacitance. The cathode potential at atmospheric environment is given by: 

 

 
2

2

O

OH /O

OH

lnc

kPRT
E E

zF a




   
(3) 

Where 
2OH /O

E 


 is the standard equilibrium potential; R is gas constant; T is the absolute 

temperature; F is the Faraday’s constant; k  is a constant, 
2OP is the oxygen partial pressure, 

OH
a  is the 

chemical activity of OH , z is the number of electrons in the half-reaction. 
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As the pressure of solution increases from 1 atm (ordinary pressure) to x atm by pressurizing air 

into pressure vessel, the dissolved oxygen concentration is x times of that at atmospheric environment. 

The increased dissolved oxygen can accelerate the consuming speed of cathodic surface charge, and the 

charge density of cathodic surface is the 1/x times as much as that at atmospheric environment. The 

testing environment at ordinary pressure and 25℃ temperature can be seen as the standard test 

environment. At the same time, the potential energy of anode is considered to be identical in different 

testing environment because its dissolved activity remains unchanged. Therefore, the initial potential 

difference at initiation sites can be attributed to the potential energy change of cathode. As the testing 

condition changes from atmospheric environment to the environment containing high hydrostatic 

pressure and high dissolved oxygen, the potential energy change of cathode is given by: 

 

  1 1 0.0368ln
0.401 ( 1)hp at

c c c c c

x
q E q E q

x x x
        

 

(4) 

Where 
hp

cE  is cathodic potential at high hydrostatic pressure and high dissolved oxygen, 
at

cE is 

the cathodic at ordinary pressure. When x=1,  =0; when x>1,  > 0 ( cq is negative).  

Therefore, it can be known that the combined factors of hydrostatic pressure and dissolved 

oxygen can lower the initial potential energy difference at initiation sites but enhance its potential 

difference. A lower potential energy difference preferentially triggers a pit with a smaller size in the 

horizontal direction. Hence, it is believed that the propagation of pits in the horizontal direction is mainly 

affected by the initial potential energy difference. To demonstrate the reasonability of this opinion, we 

try to used it to illustrate the effect of hydrostatic pressure on the pitting sizes in the horizontal direction 

for low-alloy steel.  

According to Gutman’s mechanistic theory, the change of potential,   , on the metal surface 

is associated with the pressure 40, which is given by: 

 = mPV

zF



   (5) 

Where P  is external pressure, mV is the molar volume of the matrix, z is the valence of the 

element, and F is the Faraday constant.  

From equation (5), it can be known that hydrostatic pressure can reduce surface potential of steel. 

The anode potential decreases with the increase of hydrostatic pressure while the cathode potential 

maintains constant due to the unchanged dissolved oxygen concentration. Then hydrostatic pressure can 

accelerate the dissolved activity of Fe matrix and increase the generating rate of charge at the transition 

region due to the increase of Cl
－
activity. Hence, hydrostatic pressure also increases the charge density 

on the surface of transition region. As a result, hydrostatic pressure increases the initial potential energy 

difference at initiation sites, stimulating the horizontal propagation of pits. This conclusion is consistent 

with the results of Yang et al. 11 that hydrostatic pressure increases pitting growth in the horizontal 

direction and stimulates the coalescence of nearby pits.  

Based on in-situ observation of pitting morphology evolution, the supposed growth kinetics 

curves for corrosion pits at AP and HPO are presented in Fig. 18. Presumably, the pit initiates on low-

alloy steel surface immediately as the steel is immersed in NaCl solution, and then mainly propagates in 

the horizontal direction at a high rate due to the initial potential energy difference at initiation sites. After 
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the pit is covered with corrosion products, it grows slowly in the horizontal direction and ceases to grow 

in this direction after a short period of immersion. Afterwards, the pit grows at a relatively slow rate in 

the depth direction. HPO decreases the initial potential energy difference at initiation sites and inhibits 

the pitting growth in the horizontal direction. Nevertheless, HPO reduces the time for pitting growth in 

the horizontal direction and promotes the pitting growth rate in the depth direction.  
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Figure 18. Supposed growth  kinetics curves for corrosion pits of low-alloy steel at AP and HPO in 

neutral 3.5 wt.% NaCl solution. 

 

 

 

4. CONCLUSIONS 

Effect of dissolved oxygen on pitting corrosion of low-alloy steel under hydrostatic pressure was 

investigated in neutral 3.5 wt.% NaCl solution. The combined effect of hydrostatic pressure and 

dissolved oxygen increases the depth and volume of corrosion pits, however, decreases their sizes in the 

horizontal direction. Dissolved oxygen plays a leading role in the corrosion kinetics of low-alloy steel 

in the environment containing high hydrostatic pressure and high dissolved oxygen. Dissolved oxygen 

can accelerate cathodic process and inhibit anodic process under hydrostatic pressure, giving an overall 

result of an increased corrosion rate, therefore, increasing the volume and depth of pits. Meanwhile, 

dissolved oxygen decreases the potential energy difference at initiation sites of pits under hydrostatic 

pressure, possibly inhibiting the pitting growth in the horizontal direction.  
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