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The current minima were lower in natural sea water. 

While there is no additional data to assist in interpreting 

this, it is not unrealistic that blockage of some electrode 

reaction was =esponsible. Why this occurs only in certain 

regions of the curve was unclear. 

Potential Versus Time 

The data in Figure 6 detail the initial kinetics of 

potential shift for steel in photo-oxidized sea water, natu

ral sea water and a 3.5 % sodium chloride-distilled water 

solution. The initial potentials were approximately 100 mV 

more noble in natural sea water than in photo-oxidized sea 

water or 3.5 % sodium chloride solutions. After 3-4 minutes 

in sea water, the rate of potential drop increased. 

In photo-oxidized sea water the potential drop with 

time was more uniform. In one instance a reversal in po-

tential shift was recorded in photo-oxidized sea water; 

however, after a short rise the potential drop resumed. 

This in~ecision was not observed for any tests involving 

natural sea water. 

In both solutions the final rest potential was 

reached after approximately one hour, and it subsequently 

remained stable with +2 mV. The corrosion potential ¢ corr 

for steel in sea water was typically -760 mV S.C.E. In 

photo-oxidized sea water the corrosion potential ranged 

from -620 to -700 mV S.C.E. 
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Anodic Steel Scans 

Figure 7 presents anodic scan data for steel in the 

same three electrolytes. Since corrosion potential varied 

between electrolytes, the plots were constructed as change 

in potential ~¢ versus applied current i app 

Differences in anodic polarization behavior are ap-

parent and for a given potential shift the corresponding 

current was lower in natural sea water. For example, a ~¢ 

2 
of +100 mV produced an applied current of 0.18 rna/ em in 

natural sea water. In photo-oxidized sea water the corres-

d . o 425 I 2 · f · pon lng current was . rna em , an lncrease o approxl-

mately a factor of three. 

In 3.5% sodium chloride solution, a difference in 

electrochemical behavior is seen for a ~¢ of +150 mV. The 

failure of sea water to exhibit this fluctuation indicates 

that this solution can be misleading as a model for sea 

water. 

IR Drop 

Figure 8 illustrates data from experiments conduc-

ted to determine the IR drop associated with an anodic 

polarization scan on steel. The solutions were photo-

oxidized sea water and natural sea water. The steeper pair 

of curves represent applied current polarization behavior 

including the IR contribution. The two less steep curves 

represent overvoltages after current interruption. 
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The steel specimen in natural s ea water showed a 

larger IR drop than for t he one in photo-oxidized sea water. 

For 6cp less than 25 mV t h e IR drop co u ld no t be measured b y 

this technique. 

Cathodic Steel Scans 

Figure 9 presents data for cathodic polarizatio~ 

scans on steel in photo-oxidized sea water, natu ral sea 

water and 3.5 % sodium chloride-distilled water. Si nce cor-

rosion potentials varied between solutions, the plots were 

constructed as change in potential 6¢ versus i . Greatest app 

differences in polarization behavior were apparent within 

approximately -200 mV of ¢ . For example, a 6¢ of corr 

-100 mV required a current of 0.015 ma/cm2 in natural sea 

water. In photo-oxidized sea water the applied current was 

0.030 ma/cm2 , an increase of 100 %. During one cathodic 

scan in natural sea water, the current increased to values 

expected for photo-oxidized sea water. 

In the hydrogen evolution region the curves were 

approximately the same for photo-oxidized sea water and 

natural sea water. The 3.5 % sodium chloride solution dis-

played a negative shift co~pared to either sea water case. 

Instantaneous Corrosion Rates 

The data in Figure 10 was used to cal culate corro-

sion rates of steel in photo-oxidized sea water and natural 

sea water. According to Stern (13), within +10 mV of ¢ corr 
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applied current density should be a linear function of po-

tential. If a linear plot of overvoltage versus applied 

anodic and cathodic current is constructed, the slope of 

the polarization curve in this region can be determined. 

This slope, called the polarization resistance ~! , is re

lated to kinetic parameters by the equation 

sasc 
= 2.3(i ) ( S +S ) carr a c 

where S and 6 are the Tafel slopes of the anodic and cath-a c 

odic reactions, respectively. Therefore, a large value of 

~I¢ translates to a low value for i and, correspondingly, 
u carr 

corrosion rate. 

If polarization resistance is employed to calculate 

corrosion rates, results suggest it is effected by differ-

ences between photo-oxidized sea water and natural sea 

water. In natural sea water the average polarization re-

sistance was 2400 volt/amp, corresponding to a corrosion 

rate of 27 mdd. This result assumes the anodic and cathodic 

beta values are 0.12 volt. Conversely, in photo-oxidized 

6. ¢ sea water the average value of l:. I was 990 volt/amp, trans-

lating to a corrosion rate of 66 mdd. This 100-150 % in-

crease was caused by some difference between photo-oxidized 

sea water and natural sea water. 



DISCUSSION 

If, as projected by Niehof et al. (14), the primary 

accomplishment of photo-oxidation was reduction in concen

tration of surface active organics, then the difference in 

electrochemical behavior in Figures 4-10 must be related to 

such species adsorbed upon the metal surfaces. Results 

suggest that adsorbed films influence at least some elec

trode reactions. The specific role the film plays in each 

case was probably dictated by the particular electrode re

action(s) involved. 

From the polarization scans upon copper in the 

various electrolytes (Figures 4-5) it was apparent that 

electrochemical properties of this metal were not readily 

effected by the films. In Figure 5 copper exhibited similar 

behavior in both photo-oxidized and natural sea water. The 

low current region ( ~ ~ -700 mV S.C.E.) is indicative of 

enhanced blockage of oxygen to the copper surface. Lower 

values of current for potentials below the second cathodic 

peak ( ¢ ~ -900 mV S.C.E.) may suggest interference with the 

hydrogen reaction at the surface; however, no evidence to 

substantiate this or any other cause has been determined. 

In the hydrogen evolution region ( ~ < -1100 mV S.C.E.) any 

adsorbed film or the sligh·t pH differences between 

29 
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electrolytes did not significantly alter t he electrochem

ical behavior of copper. 

When steel was immersed in sea water the potential 

decreased as oxygen was consumed at its surface. From 

Figure 6 the potential versus time curves indicate that ad

sorbed films change the initial kinetics of potential de

crease. According to Gileadi (6) the rate of adsorption 

can be potential dependent. Therefore, the time dependence 

of potential shift in Figure 6 could either be controlled 

by specimen potential, causing the organics to adsorb, or 

be due to organic adsorption producing the potential shift. 

Corrosion potentials in natural sea water were con

sistently more negative than in photo-oxidized sea water. 

Kaesche et al. (15) suggested that a shift of open circuit 

potential in the negative direction corresponds to the 

cathodic partial process being affected. Stern (16) showed 

that electrode potentials were influenced by pH changes, 

with corrosion potentials for iron being depressed by in

creasing pH. However, pH differences were small between 

photo-oxidized and natural sea water; therefore, the magni

tude of potential shift suggests interference with an im

portant cathodic electrode reaction, such as oxygen reduc

tion. The depression of potential is characteristic of a 

lower oxygen concentration at the metal-electrolyte inter

face. Since oxygen concentration in the various electro

lytes of the present study were approximately the same, the 
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adsorbed film could be chemically or physically blocking 

oxygen diffusion to the steel surface. However, adsorption 

experiments by Niehof et al. (14) indicated that chemical 

blockage is not realistic. Therefore, the physical block-

age of oxygen to the metal surface is more likely. The 

measured reduction of ¢ in natural sea water could be a corr 

combination of pH differences and oxygen availability. Al-

ternately, if the various limiting current densities in 

Figure 9 are due to experimental scatter rather than inher-

ent differences in surface blockage of oxygen by adsorbed 

species, then the greater polarization resistance in natu-

ral sea water was probably due to an inhibiting action per 

se from the organics. 

A reversal in potential shift was observed ln photo-

oxidized sea water. Steel surfaces in natural sea water 

did not display this reversal. This indicated that organic 

molecules may influence the surface charge of the specimen. 

Niehof et al. (17) found that in waters containing only the 

inorganic constituents (photo-oxidized, 3.5 % sodium chloride-

distilled water) materials exhibited extreme surface charges, 

while in natural sea water these materials assume moderately 

negative charges. It was further determined that adsorbed 

molecules from sea water caused reversal of mobilities of 

various particles. How this finding applies to the present 

study is not known, but it does suggest adsorbed organics 

may influence the surface charge of steel. 
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Differences in anodic polarization scans for steel 

in the various electrolytes may be related to an adsorbed 

film at the surface. The threefold increase of applied cur

rent in photo-oxidized sea water as discussed earlier in 

conjunction with Figure 7, was probably due to the absence 

of the organic layer. Surface active organics in natural 

sea water could interfere with an important step in the 

metal dissolution reaction and reduce the rate accordingly. 

As Figure 8 shows, increased IR drop was observed 

in natural sea water as compared to photo-oxidized sea 

water. Additional resistance caused by the adsorbed or

ganic film may account for the measured increase. Since 

all natural sea water experiments exhibited this behavior 

the organics could also add to the resistance of the metal 

complex formed during anodic polarization. The metallo

organic corrosion product could be of higher resistance 

than that found without organics present. 

Cathodic polarization scans conducted on steel in

dicate that adsorbed films may influence electrochemical 

behavior here also. For the potential range where oxygen 

reduction was the most significant reaction (Figure 9), the 

reduced current for tests in natural sea water was probably 

caused either by adsorbed films interfering with oxygen 

diffusion to the metal surface or by an inhibition process 

or both. However, one scan in natural sea water revealed 

no such reduc ·tion in current. The reason for this discrep

ancy in this case is not known. 
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In the hydrogen evolution region (6¢ < -300 mV, 

Figure 9) the shift variations in positioning of the Tafel 

curves can be interpreted in terms of the pH differences 

at the metal surface. Increasing pH is consistent with 

shifts of the curves in the active direction. The 3.5 % 

sodium chloride solution has no buffering qualities as sea 

water does; therefore, the pH at the metal surface in this 

region could be increased significantly. Scans on copper 

(Figure 5) produced no such shift; however, and so other 

factors may be important also. 

Linear polarization data suggest organics in sea 

water have an inhibiting effect. The lower current per 

millivolt shift in the linear region of the polarization 

curve (Figure 10) corresponds to a reduction in instantan

eous corrosion rate for steel in natural sea water compared 

to the photo-oxidized sea water case. The absence of an 

adsorbed film in photo-oxidized sea water may have caused 

the 100-150% greater corrosion rate. This result was prob

ably the most direct evidence of influence on electrochem

ical behavior of steel by dissolved organics in natural sea 

water. 

The kinetics of organlc adsorption on platinum 

electrodes was studied by Loucka (13). Initially, adsorp

tion of organic molecules occurred on the most active sites 

having the lowest adsorption activation energy. With time 

the adsorption process begins on less energetically 
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favorable sites, that is, sites with a higher adsorption 

activation energy. 

How these observations of organic adsorption on 

platinum relate to steel is unclear. The same behavior 

could apply because active sites on both metals would be 

the areas of lowest adsorption activation energy. Platinum 

is a noble metal, and the kinetics could be different for 

an active metal much as steel. The quantity and variety of 

organic molecules present in natural sea water should have 

an effect on adsorption kinetics also. The sequence of 

adsorption upon steel in sea water is a case for further 

study of detailed nature. Niehof et al. (19) suggested 

that varying concentrations of organics in sea water from 

laboratory to laboratory could account for different elec

trochemical behavior of a metal from one investigation to 

the next. 

Mohilner et al. (20) indicated that addition of or

ganic compounds to an electrolyte increased ionic activity. 

His explanation was that organic molecules form ~clathrate

like~ cages of solvated water around the organics making 

the water unavailable to ions in the electrolyte. Applying 

these results to the present study is difficult; however, 

since the different types of organics present in natural 

sea water complicate the interpretation. 



CONCLUSIONS 

1. Electrochemical behavior of copper for the experimental 

conditions investigated was not measurably different in 

natural sea water as opposed to photo-oxidized sea 

water. 

2. Steady state corrosion potentials after one hour for 

steel were lower in natural sea water than photo-oxidiz

ed sea water. 

3. Steel surfaces in photo-oxidized sea water exhibited 

potential reversals under freely corroding conditions. 

4. Sodium chloride-distilled water solutions can be mis

leading as a model for natural sea water in corrosion 

studies. 

5. Differences between solutions (photo-oxidized versus 

natural sea water) resulted in increased IR drop on a 

steel surface immersed in natural sea water. 

6. Corrosion rates of steel in natural sea water, as de

duced from linear polarization resistance, were less 

than for photo-oxidized sea water by approximately a 

factor of two. 

7. Differences in electrochemical behavior for steel in 

natural sea water versus photo-oxidized sea water were 

probably due to dissolved organic molecules in natural 

sea water which adsorbed on the metal surface. 
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