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Abstract 

Assessing AC corrosion with respect to an E-pH or Pourbaix diagram is widely done in 
literature. No common agreement on the influence of pH on the AC corrosion rate exists 
however. This paper presents a literature review of the effect of pH on AC corrosion, as well 
as an in situ investigation of pH and potential of a steel surface at different cathodic 
protection levels and different AC potential levels. The results are directly correlated to AC 
corrosion rates measured by the ER technique and discussed in relation to the current 
EN15280:2013 standard. Furthermore, the effect of faradaic rectification of AC currents on 
the pH evolution at an electrode surface is illustrated by a novel visualisation experiment. 

Introduction 

The mechanism of AC corrosion of cathodically protected structures is heavily debated. One 
factor that remains subject to debate is the effect of pH. The general understanding of 
cathodic protection involves the formation of a passive layer on steel due to elevated pH or 
bringing the steel to the immune region in the Pourbaix diagram (Figure 1) by lowering the 
potential [1] [2]. In either case, under cathodic protection, the cathode reaction creates 
alkalinity, either by hydrogen evolution (1) or oxygen reduction (2) in acidic or neutral to 
alkaline environments respectively, or by dissociation of water under anaerobic conditions 
(3). 

 2H+ + 2e- → H2(g) (1) 

 O2 + 2H2O + 4e- → 4OH- (2) 

 2H2O + 2e- → H2(g) + 2OH- (3) 

With respect to AC corrosion the typical scenario is cathodic protection of buried pipelines. 
Here, the natural oxygen content and acidity in the soil will be depleted and with time 
reaction (3) will be the governing reaction [1]. The produced hydroxyl-ions increase the ionic 
conductivity of the soil, which leads to a reduction of the spread resistance and consequently 
increased AC and DC current densities at static AC and DC voltages [3] [4] [5] [6]. This is an 
autocatalytic process since increased DC current densities enhances the cathode reactions 
and hence the ionic conductivity and alkalisation etc. Adversely, an increased pH also alters 
the solubility of different species in soil. In particular the earth alkaline elements (mostly Ca 
and Mg) can precipitate as carbonates or hydroxides in high pH environments as species of 
very low solubility [7]. Calcareous deposits on a steel surface will increase the spread 
resistance and limit AC corrosion [8], however the effect of passing AC currents and 
hydrogen evolution from reaction (3) may be detrimental to the mechanical stability of these 
deposits, resulting in a dynamic AC corrosion mechanism with continuous build-up and 
break-down of the formed deposit [4]. The presence of alkaline and earth alkaline ions in 
solution may also act as an inhibitor for pH increase, since these will consume formed OH- 
upon formation of solid hydroxides [9]. The pH buffering capabilities of the 
carbonate/bicarbonate system naturally occurring in many soils may also hinder the 
immediate pH increase until the bicarbonate is converted to carbonate [10]. 

In Figure 1 the Pourbaix diagram for steel is shown. It is calculated using the HSC E-pH 
Chemistry software at 25°C and 1 bar pressure and takes into account the effect of 
concentration of different Fe species in solution from 100 – 10-6 mol/l. The present diagram 
favours the formation of the iron oxides Fe2O3 and Fe3O4. It can be seen that an elevated pH 
contributes to passivating the steel within the stability region of water between the stippled 
lines, while a too high pH may cause the steel to enter the high pH HFeO2

- corrosive region. 
The pH limits for entering this region are generally believed to be very high at pH > 13-14 [2], 
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but as the calculated example in Figure 1 shows, this limit is highly dependent on the 
concentration of iron in solution. This is often neglected in most literature on high pH 
corrosion. The strong dependency on the concentration of dissolved iron species must also 
be considered in the case of AC corrosion, where iron dissolution and the resulting increase 
in concentration may cause this region to shrink, unless the dissolved iron is immediately 
consumed by reactions with species in the electrolyte forming e.g. corrosion products. 

 

Nielsen et.al. presented an alkalisation theory associated with an incubation period before 
the pH would reach a critical level and AC corrosion rates would dramatically increase. The 
authors linked this effect to reaching the high pH corrosion region in the Pourbaix diagram. 
The incubation period is a function of the OH- neutralising capacity of different soils, and 
depending on the soil, this incubation period may be several weeks [11]. 

Using a retractable pH electrode, Brenna et.al. measured a pH profile in the proximity of a 
carbon steel surface under cathodic protection at different DC current densities (0.5-7A/m2) 
[12]. This is shown in Figure 2a. They found that the major pH increase occurs within the first 
2 mm from the electrode surface. With higher cathodic current, the higher the pH maxima at 
the electrode (pH = 12-13.5) and the further the high pH region extends into the electrolyte. 
The effect of time is however unclear from the study. The suggested corrosion mechanism 
by Brenna et.al. [13] is an electromechanical breakdown mechanism of the passive film on 
cathodically protected steel caused by high alternating voltages, followed by an aggressive 
increase of pH in the formed cracks where chemical corrosion as HFeO2

- is possible 
according to the Pourbaix diagram. 

A similar strong dependence on the distance from the steel surface on the pH is reported by 
Gummow et.al. [14]. They report a pH increase within the first few mm of several pH values, 
but also take into account the pH of the bulk solution which has a high influence of the 
maximum obtainable pH value at the steel surface at a fixed DC current density of 0.38A/m2.  
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Figure 1: Calculated Pourbaix diagram for 25°C and 1 bar pressure. The corrosive regions 
are highly dependent on the concentration of Fe in solution indicated by the log([Fe]) values. 
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Based on the findings by Thompson and Barlo [15] and Büchler and Schöneich [16] shown 
in Figure 2b, Büchler and Joos [3] developed an expression for the pH as a function of the 
DC current density shown in (4). 

 pH = pH0 + p⋅log(JDC) (4) 

They found optimized parameters for pH0 = 12.4 and p = 0.5 and developed an empirical 
model that makes it possible to determine the influence of pH on the local soil resistivity and 
spread resistance. Surely factors such as the soils’ OH- neutralising capacity, local diffusion 
coefficients for the reacting species in (3) and possible convection of the solution etc. affects 
the developing pH and complicates this simple empirical regression, but it offers a nice 
understanding of the direct relationship between the current density, i.e. the amount of 
electrons participating in cathode reaction (3) and the amount of OH- ions being produced at 
the same surface, refer the general equation for pH as a function of [OH-] given in (4).  

 pH = 14 + log([OH-]) (4) 

With the pH being a relatively simple function of the applied DC current density, controlling 
the pH should be a relatively straight forward procedure. However, the polarisation 
behaviour of a steel is heavily influenced by the AC current density, and the obtained DC 
current densities can be enhanced by orders of magnitude due to faradaic rectification of the 
AC current. Faradaic rectification is mathematically well described by several authors [17] 
[18] [19] [20] [21], and documented effects of this phenomenon are reported by several 
authors whether it is described as a ‘depolarisation effect’, an ‘increased exchange current 
effect’ or as faradaic rectification [5] [22] [23] [24] [25]. In conclusion; high DC current 
densities and the following alkalisation may be difficult to avoid in the special case of AC 
interference and AC corrosion. 

Figure 2: Investigations of the effect of the DC current density on the pH at a steel surface 
found in literature. 

a) pH profiles for varying CP current 
density. No AC applied. Notice the 

large variation with the distance 
from the surface [12]. 

b) Current density dependency on the 
achievable pH under cathodic 

protection. No AC applied. Notice the 
almost linear dependency [1]. 
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In an attempt to focus the investigation on the influence of pH on AC corrosion, Tang and Du 
et.al. designed an experiment with fixed pH solutions at pH = 6.4, 10, 11, 12 and 13, as an 
alternative to cathodic protection [26]. They then subjected carbon steel samples to various 
AC current densities (0-300 A/m2) and found that corrosion rate measured by weight-loss 
was proportional to the AC current density, but inversely proportional to the pH, which they 
attributed to passivation of the steel at high pH. This investigation however, fails to take into 
account that 1) pH = 13 may in fact be too low to enter the high pH corrosion region in the 
Pourbaix diagram. 2) The polarisation of the steel caused by cathodic protection puts the 
steel in a whole different place in the Pourbaix diagram. 3) The present experiment is static 
in terms of pH and AC current density, whereas the cathode reaction is known to contribute 
to the evolution of both the pH and the spread resistance, positive or negative depending on 
the chemical environment, and thus the AC current density. This is in line with the conclusion 
by Büchler and Schöneich who made a similar experiment in a pH = 14 solution at very high 
AC current densities (500-1200 A/m2), but found that even under these conditions no 
significant corrosion was observed [16]. This suggests that a high pH alone in combination 
with an AC current is not sufficient to induce AC corrosion.  

A alternative theory on the effect of pH on AC corrosion was hypothesized by Tribollet and 
Meyer et.al upon the observation of an intermediate green rust corrosion product ([FeII

1-

xFeIII
x(OH)2]

x+[x/nAn-m/nH2O]x-) on a cathodically protected steel subject to an AC 
perturbation. This green rust is however only stable at pH values < 11, and the stability of 
this phase may be linked to maintaining a protective layer, even under AC perturbation [27]. 
This can easily be linked to Büchlers hypothesis that corrosion products covering the surface 
may be able to accommodate the alternating charge via a pseudo capacitance caused by 
continuous oxidation/reduction of Fe2+/Fe3+ ions in the surface film rather than at the steel 
surface [16] [28]. In fact such a mechanism is described by Antony et.al. for green rust films 
[29], but the films are usually not stable and will oxidize to α- or γ-FeOOH, Fe2O3 or Fe3O4 
with alternative ageing processes [30] [31], in good accordance with the analysis of 
corrosion products in AC corrosion cases [32] [33]. Tribollet and Meyer list two possible 
routes to destabilisation of the green rust phase, both triggered by high pH caused by the 
water reduction reaction (3): Excessive CP or faradaic rectification of high alternating 
currents.  

Methods 

Visualisation of the alkalisation 

Visualisation of the alkalisation at a probe surface is done by making a transparent soil 
simulation with added phenolphthalein pH indicator. Commercially available ‘water beads’ 
made from superabsorbent polymer were soaked in a non-scaling artificial soil simulation 
(Error! Reference source not found.), causing them to swell from 1.9 mm to 10 mm 
diameter spheres. Consisting of ~99% solution they have approximately the same refractive 
index as the solution, and are thus transparent in this solution. By blending the swelled 
beads to a slurry, a fine grained solution is obtained. This slurry is transparent but in terms of 
grain structure and diffusion properties, it is estimated that it resembles a wetted sand 
solution, thus allowing for a visualisation of the alkalisation at an electrode by observing the 
change of colour of the pH indicator. 

 

 

Species Concentration 

Na2SO4 5.0⋅10-3 M 

NaHCO3 2.5⋅10-3 M 

NaCl 10.0⋅10-3 M 

Table 1: Non-scalin artificial soil solution used in the experiments 
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The slurry of blended water beads and solution is put in a rectangular glass container to 
minimize the visual distortion of the image, and a 10:1 length/width-ratio, 1 cm2 working 
electrode is placed in the field of view of a camera outside the container (Figure 3). Two 
counter electrodes are placed in either side of the container and connected to the working 
electrode via an AC generator and a 600 µF capacitor on one side, and a DC potentiostat 
and a 3H inductor on the other side to filter out AC on the potentiostat and DC on the AC 
generator. A thin oil film on top of the solution is added to hinder evaporation of the solution. 
A 100 mV stepwise increase of the cathodic protection level from -950 mV to -1250 mV 
(CSE) is applied to the coupon over a period of 11 days and the experiment is repeated two 
times; once without AC and once with a 10 V AC perturbation. The camera is set to take an 
image every minute, in order to produce an illustrative fast forward time-lapse video of the 
pH evolution. 

 

 

pH monitoring  

To monitor the pH at a cathodically protected steel surface under AC perturbation, a 
dedicated experimental cell was designed. This setup can be seen in Figure 4. A 10:1 
length/width-ratio, 1 cm2 ER probe was used as the working electrode in an identical 
electrical circuit to that of the visualisation experiment with a separation of the AC and DC 
circuit. The cell was filled with sand (0.4-0.8 mm) and wetted with a non-scaling artificial soil 
solution given by Error! Reference source not found.. The resulting soil resistivity was 
~18.5 Ωm. A pH electrode with a tip diameter of 3 mm and a small temperature electrode 
was placed ~5 mm from the probe surface. This distance was chosen to avoid disturbing the 
electrode surface during the experiment. A reference temperature electrode not shown in 
Figure 4 was placed in “remote earth” in the setup to be able to monitor the temperature 
increase at the surface and compensate for daily temperature variations. The temperature 
was recorded every 10 minutes by a Grant Squirrel data logger. The ER probe measured 
electrical parameters Eon, EIR-free, UAC, JDC, JAC, RS and probe element thickness, d, every 15 
minutes during the experimental period of 6 days. The pH was read manually from a pH 

AC

C

L

Camera

Counter electrodes

Working electrode
DC

Reference electrode

Figure 3: Experimental setup for visualisation of pH evolution at an electrode under AC and 
DC influence. The electrolyte is a transparent slurry simulating wetted sand, containing a 
phenolphthalein pH indicator with a transparent to pink colour change at pH > ~9. 
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meter. During the first hour of the experiment where the pH increase was particularly 
pronounced, the pH-measurement frequency was high (every minute). 

 

The pH monitoring experiment was repeated three times with different potentiostatic AC and 
DC voltage conditions. The reason for running the experiments potentiostatically was to 
monitor the influence of these settings on the pH, and vice versa; the influence of the 
developing pH on the electrical parameters such as the spread resistance and current 

densities. Each experimental run was labelled I-III according to Table 2. Experiment I and 

II represents a cathodically protected pipeline with or without AC, allowing for a direct 
assessment of the effect of AC on the developing pH in front of a coating defect. Experiment 

II and III represents a pipeline under AC interference, but they allow for an assessment of 
the effect of having a medium or high CP level. 

Experiment Eon (mV vs. CSE) UAC (VRMS) 

I -1200 0 

II -1200 10 

III -1550 10 

Results 

Visualisation of the alkalisation 

The result of the pH visualisation experiment is illustrated in Figure 5. Daily still images show 
a progressive change in the local pH environment and the main findings are listed below: 

 The pink colouration, i.e. a pH > 9 environment, is far more pronounced for the 10 V 
AC experiment. For both experiments the Eon potential has a large influence on the 
evolving environment. Time is clearly also an influential factor in terms of the extent 
of the high pH environment, however difficult to evaluate properly for the relatively 
short term experiment. 

AC
DC

C L

Counter electrodes

Working electrode

Reference electrode

Temperature

pH electrode

Figure 4: Experimental setup for monitoring of pH evolution at an electrode under AC and 
DC influence. 

Table 2: Experimental matrix for different AC and DC voltage conditions 
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 The experiment does not offer any information about a pH gradient field towards the 
electrode, i.e. the pH within the pink area may be much higher than 9. 

 The DC current density is increased by the presence of AC by almost one order of 
magnitude. This is a direct effect of faradaic rectification of the AC current. 

 Gas evolution at the electrode surface causes an upwards drift of the high pH 
environment for the 10 V AC experiment via a ‘pump effect’ of the upwards drifting 
gas bubbles. This is attributed to the high DC current that surpasses the hydrogen 
overvoltage. At -1250 mV the DC current for the 0 V AC experiment is just enough to 
produce hydrogen gas showing a small upwards tail of the pink pH environment. 

 The alkalisation at the electrode not affected by AC appears very localised.  

 No corrosion was recorded in either experiment with or without AC.  

 

 

pH monitoring 

The results from the pH monitoring experiment are presented in Figure 6 for the three 

different experimental conditions I-III (Table 2). In Figure 6a the measured pH (5 mm) 
shows a rapid increase in the beginning of each experiment, after which it stabilises on a 
level that is highly dependent on the AC and DC voltage conditions. On the same plot, a 
series of calculated pH values are shown based on the recorded DC current densities and 
equation (4). It can be seen that these values are approximately 1 pH value higher. Taking 
into account that equation (4) calculates the pH at the probe surface (0 mm) it is very 
plausible that a pH increase towards the surface may be responsible for this discrepancy. 
Based on work by other authors, e.g. Figure 2a, a 1 pH value difference may even be 
conservative [12] [14]. Taking into account the good correlation; pHcalc. = pHmeas. + 1 for all 
three experimental conditions, equation (4) is assumed to yield a valid approximation to the 
actual surface pH, also in this work.  
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perturbation. The higher DC current, caused by faradaic rectification of the AC current, is 
directly related to the cathode reaction and OH- development. 
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Figure 6: Data for the various experiments (I, II and III) as a function of time.  
a) pH as measured 5 mm from the surface and calculated at 0 mm by means of the current 
density (4) yielding approx. +1 in pH. 
b) The evolution in spread resistance, RS 
c) Thickness (daily averages) 
d) Corrosion rate (daily averages).  
e) Both AC and DC current densities plotted as stippled and solid lines respectively. The 

effect of faradaic rectification is clear when comparing experiment I and II having the same 
on-potential of -1200 mV (CSE) 

6

7

8

9

1

0

1

1

1

2

1

3

1

4

6

7

8

9

10

11

12

13

14

0 1 2 3 4 5 6

p
H

Days

Data 
(5 mm)

Calc. (JDC) 
(0 mm)

III

II

I

0

0.02

0.04

0.06

0.08

0.1

0 1 2 3 4 5 6

R
s

(Ω
m

2
)

Days

I

II

III

-1200mVCSE + 0VAC

-1200mVCSE + 10VAC

-1550mVCSE + 10VAC

1

10

100

1000

0.1

1

10

100

0 1 2 3 4 5 6

J
A

C
(A

/m
2
)

J
D

C
(A

/m
2
)

Days

100

10-1

101

102

100

101

102

103
III

II

I

Faradaic rectification

484

487

490

493

496

499

502

484

487

490

493

496

499

502

0 1 2 3 4 5 6

T
h
ic

k
n

e
s
s
 (

µ
m

)

Days

II

I

III

0.1

1

10

100

1000

10000

0 1 2 3 4 5 6

C
o

rr
o

s
io

n
 r

a
te

 (
µ

m
/y

r)

Days

104

103

102

101

100

10-1

I

II

III

a) b) 

d) c) 

e) 

I -1200 mV (CSE)

0 V AC

II -1200 mV (CSE)

10 V AC

III -1550 mV (CSE)

10 V AC



9 

 

In Figure 6b the corresponding spread resistance is shown. The effect of pH on this value 
will be further elaborated on in the discussion. In Figure 6c and d, daily averaged thickness 
and calculated corrosion rates are shown. The corrosion rate can be seen to increase by 

approximately one order of magnitude from experiment I to II and from II to III. The large 

scatter of I is partially due to the logarithmic scale but all corrosion rates here were < 20 

µm/yr. Towards the end of experiment II the corrosion rate decreased, however the reason 
for this is unknown. Figure 6e shows both the DC and AC current densities, and the faradaic 

rectification of the AC current is clear from the large increase of JDC from experiment I to II 

having the same Eon potential. A small AC signal (~0.4 V) was applied to the I-experiment 
to allow for spread resistance calculation by the data logger, however this can be seen to be 
only 3-6 A/m2, i.e. far below the AC current density threshold of 30 A/m2 given by the 
EN15280:2013 standard, and thus not of concern with respect to AC corrosion. The DC 

current density of the I-experiment is also below the limit of < 1 A/m2 given by the 
EN15280:2013 standard and the low corrosion rates confirm the effective CP. Comparing 

current densities from the II and III experiment, it can be seen that not only does the DC 
current density increase with a higher degree of cathodic polarisation, but so does the AC 
current density. This is related to the increased alkalisation following the enhanced cathode 
reaction that lowers the spread resistance and causes a higher AC current density at the 
same alternating voltage. 

The temperature at the 5 mm distance to the electrode surface was measured during the 
experiment, and the difference compared to the surrounding solution was calculated as ΔT 
(°C) = T5mm - Tremote. This is plotted in Figure 7a. The temperature increase is caused by joule 
heating of the probe surface caused by the passing AC currents as can be seen in Figure 7b 
where average ΔT and JAC values are plotted. This is in line with results obtained by Nielsen 
[34], and the limited temperature increase observed may be ignored in terms of pH 
correction.  

 

Discussion 

This work investigates the effect of pH on AC corrosion of cathodically protected steel. One 
thing that may be concluded is that the increase in pH is linked to an increase in the ionic 
conductivity of the soil locally around a coating defect, and thus a decrease of the spread 
resistance. This is not new knowledge but confirms accepted theory, refer the introduction. 
In Figure 8 the measured spread resistance from the ER probe in the pH monitoring 
experiment is shown as a function of the measured pH values 5 mm from the probe surface 

Figure 7: Temperature monitoring of the probe surface (5 mm) showing a negligible 
temperature change as a function of JAC. 
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and the calculated pH values at the surface (0 mm). The trend is a linear decrease of spread 
resistance with pH. These results are valid for the non-scaling artificial soil used in the 
present investigation having a soil resistivity of ~18.5 Ωm, and the correlation may be 
different for other soils. Since it is generally accepted that corrosion rate is a function of the 
AC current density (even in the absence of DC current) this is part of the explanation for the 
great dependence on the DC current density. Increased AC current density on a cathodically 
protected structure is a direct consequence of the alkalisation caused by the cathode 
reactions. That is, unless the alkalisation causes precipitation of calcareous deposits that 
increase the spread resistance. 

 

If the calculated pH values at the steel surface can be accepted as true, then these may be 

used together with the IR-free polarised potential measured by the ER probe to map out in 

which stability region in the Pourbaix diagram a steel surface exists. This has been done in 

Figure 9 for daily averaged values, and each point has been plotted as a circle whose size 

and colour corresponds to a corrosion rate. This representation puts the I-experiment in the 

immune region of the diagram as low/no corrosion points corresponding to effective CP. In 

case of an AC perturbation (II and III), the hydrogen evolution cathode reaction (3) 

becomes enhanced by faradaic rectification of the AC current, as was also verified by the 

visualisation experiment, and the points fall exactly on the hydrogen line. This is remarkable 

since it is perfectly in line with the theory that the potential of a steel is shifted parallel to the 

hydrogen line towards higher pH under cathodic protection [28], and this may further verify 

that the calculated pH values are representative of the true pH at the surface. Observing the 

stability region of various species in the Pourbaix diagram it can be seen that the III-

experiment falls within the log([HFeO2
-]) = -4 region (much dependent on the concentration 

of iron species). This may be interpreted as an argument for high pH chemical corrosion 

being the corrosion mechanism in play, however; the present calculated stability region differ 

significantly from that of the vast majority of literature (that starts at pH = 13-14, but is often 

ignoring the effect of the concentration of the iron containing species). With high corrosion 

rates this region would quickly be expected to shrink towards very high pH. Since AC 
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corrosion is not slowing down after a period of corrosion (and increasing iron species 

concentration) this implies either that HFeO2
- is quickly being converted to stable oxides, e.g. 

during the anodic half-wave of the AC cycle, or that high pH chemical corrosion is in fact an 

unlikely AC corrosion mechanism. 

 

The effects of faradaic rectification of AC currents and enhancement of the cathode reaction 
(3) are two-fold: alkalisation is strongly enhanced and hydrogen evolution occurs at high 
rates. The visualisation experiment clearly showed the great influence of an AC perturbation 
on steel at increasingly negative cathodic polarisation. The missing corrosion in the 
visualisation experiment may perhaps be explained by a continuous removal of the high pH 
environment at the surface via the hydrogen ‘pump effect’, due to a too low viscosity of the 
transparent soil simulation compared to real soil.  

While most literature links AC corrosion to elevated pH and high AC and DC current 
densities, the hydrogen evolution is rarely considered to take part in the corrosion 
mechanism, except for perhaps destabilising surface deposits [4]. Following the different 
studies conducted in high pH solutions with high AC current densities that yielded little to no 
corrosion [16] [26], it is interesting that the only part missing from the real case is the 
negative polarisation and the hydrogen evolution at the surface. Both pH and JDC can be 
interpreted as a measure of produced hydrogen as well. When observing the visualisation 
experiment in the present study however, plenty of hydrogen was produced at a surface with 
both an AC and DC current density influence above the limits given by the EN15280:2013 
standard, while no corrosion was observed. Undoubtedly AC corrosion is influenced by 
several processes, making the mechanism particularly complicated. 

Conclusion 

The pH at a cathodically protected surface is dependent on both the DC polarisation, as well 
as an alternating current. This has been shown both in a novel visualisation experiment and 
by direct monitoring of the pH using a small pH electrode in front of a surface.  
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The high pH environment in front of a coating defect was visually shown to increase in size 
with increasing polarisation and DC current under pure CP conditions, but when 10 V AC 
was applied in addition to the same CP conditions, the DC current increased by an order of 
magnitude by faradaic rectification of the AC current and the high pH environment was 
increased several factors in size. Excessive hydrogen evolution was observed as a result of 
the increase in cathodic current.  

In another experiment the pH was likewise found to be increasing with both an overlying AC 
perturbation by faradaic rectification, and by increased cathodic polarisation. The spread 
resistance decreases due to an increase in ionic conductivity of the increasingly alkaline 
environment which causes increased AC and DC current densities, and ultimately increased 
AC corrosion rates.  

A satisfying correlation between measured pH values and pH values calculated from the DC 
current density was obtained. Plotting corrosion rates measured by ER probe in a Pourbaix 
diagram at calculated pH and EIR-free positions showed that high pH chemical corrosion as 
HFeO2

- may be a possible corrosion mechanism, but this implies that any formed HFeO2
- 

must immediately be converted to stable iron oxides. The present investigation remains 
inconclusive on this particular matter. 

Future work 

The experimental setups used in this study have proven as powerful remedies to study the 
evolving pH environment at a coating defect under combined AC and DC influence, and 
hopefully future experiments in these setups will continue to bring forward new findings on 
AC corrosion. In particular three factors will be investigated further: 

 The effect of extended time studies. I.e. the coupling of an incubation period of 
perhaps several weeks to the developing pH environment at an electrode. 

 A 3 mm pH electrode was used in the present study at a distance of 5 mm to the 
probe surface. The use of micro electrodes having a measurement tip of < 100µm, 
placed closer to the surface or moved along a profile may yield a more detailed 
description of the local pH environment. 

 Finite element modelling of the local evolving pH environment based on experimental 
data may help give a better holistic view of the processes that may/may not take 
place at the steel surface. 
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