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ABSTRACT

Acetic acid (CH3COOH) is recognized as an important factor in 
mild steel corrosion. Similar to carbonic acid (H2CO3) present in 
carbon dioxide (CO2)-saturated aqueous environments, acetic 
acid is a weak acid, which partially dissociates with the equi-
librium being a function of pH and the solution temperature. 
Stronger than carbonic acid (pKa 4.76 vs. 6.35 at 25°C), acetic 
acid is the main source of hydrogen ions when the concentra-
tion of each acid is the same. Based on many different stud-
ies, it is agreed that acetic acid enhances the corrosion rate of 
mild steel by accelerating the rate of the cathodic (reduction) 
reaction. However, the electrochemical mechanism of acetic 
acid reduction at the metal surface is still being debated. 
One possibility is for the undissociated acetic acid to provide 
additional hydrogen ions by dissociation near the metal sur-
face. In that case the main cathodic reduction is hydrogen ion 
reduction, and this mechanism is commonly referred to as a 
“buffering effect.” If, in addition to this pathway for hydrogen 
evolution, there is a reduction of the adsorbed undissociated 
acetic acid at the metal surface, the mechanism is known as 
“direct reduction.” In the present study, electrochemical tech-
niques were used to investigate the effect of acetic acid on the 
cathodic reaction mechanism. It was found that the presence 
of acetic acid affects only the overall cathodic limiting current, 
but had no significant effect on the cathodic charge-transfer 
current. The latter was found to respond only to a change of 

pH. It was therefore concluded that the buffering effect mecha-
nism is correct.

KEY WORDS: acetic acid, cathodic reaction, mild steel corro-
sion

INTRODUCTION

The presence of organic acids found in produced  
water was reported as a severe concern in mild steel 
pipeline corrosion in the oil and gas industry.1-4 In 
1944, Menaul3 reported the presence of 250 ppm of 
organic acids in the Katy field near Katy, Texas. Since 
then, the detrimental effects of organic acids on mild 
steel corrosion were confirmed in the so-called bottom-
of-the-line corrosion, as a result of produced water,  
as well as in top-of-the-line corrosion arising from  
water condensation. Typical aqueous concentrations 
of organic acids reported in the field are of the order  
of 100 ppm, while in some cases, up to 3,000 ppm  
of organic acids was reported.4 Among organic acids, 
acetic acid (CH3COOH, or HAc) is known as the domi-
nant, low-molecular weight organic acid found in pro-
duced fluids (usually about 50% to 90% of the total 
organic acids).5

In the past few decades, a number of studies4-11 
have been dedicated to investigating the effect of HAc 
on mild steel corrosion in aqueous environments. 
Similar to the carbonic acid (H2CO3) found in carbon 
dioxide (CO2)-saturated aqueous solutions, HAc is a 
weak acid, which partially dissociates (Reaction [1]) 
to an extent that is governed by pH and the solution 
temperature.
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Stronger than carbonic acid (pKa 4.76 vs. 6.35 at 
25°C), HAc is the main source of hydrogen ions when 
the concentration of each acid is the same. Accord-
ing to most mechanistic studies,6-11 HAc enhances the 
corrosion rate of mild steel by accelerating the rate 
of the cathodic hydrogen evolution reaction. How-
ever, the exact mechanism remains controversial. In 
a mechanism referred to as “buffering effect,” HAc 
dissociates and provides an additional source of free 
hydrogen ions near the steel surface, and the only 
cathodic reaction remains to be reduction of hydrogen 
ions. The alternative possibility is that the adsorbed 
undissociated HAc molecule is reduced at the surface 
(in addition to any reduction of free hydrogen ions); 
this mechanism is called “direct reduction.” These two 
mechanisms are reviewed in detail below.

Buffering Effect
In this scenario, the role of HAc is to act as a 

“buffer” and provide more hydrogen ions when they 
are consumed by the corrosion reaction at the sur-
face. This mechanism is termed the “buffering effect.” 
There, it is shown that HAc dissociates to give hy-
drogen ions and acetate ions (Reaction [3]); hydrogen 
ion diffuses from the bulk to the metal surface and 
adsorbs (Reaction [4]), where it is reduced to form a 
hydrogen atom (Reaction [5]), just like it happens with 
strong acids. 

 HAc HHAc HHA Acbulkc Hbulkc Hbulk bulk→ +c H→ +c Hbulk→ +bulk
+→ ++→ + –  (3)

 H HbulkH HbulkH Hads
+ +H H+ +H H→H H→H HH H+ +H H→H H+ +H H  (4)

 H e HadH eadH es aH es aH e Hs aH ds
+H e+H e+ →H e+ →H es a+ →s aH es aH e+ →H es aH e–  (5)

By conducting a series of potentiodynamic sweeps on 
a rotating cylinder electrode at pH 4, George and co-
workers8-9 suggested the validity of the buffering effect 
mechanism. According to George’s study,8 only the 
cathodic limiting current is signifi cantly accelerated 
in the presence of HAc, while the anodic reaction is 
slightly retarded. He argued that if HAc was directly 
reduced at the surface, the corrosion current density 
would increase proportionally with increasing HAc 
concentrations, which was not observed in his experi-
mental data. Therefore, the author suggested that the 
role of HAc is to be a “reservoir” providing hydrogen 
ions as needed to feed the cathodic reaction. However, 
in a subsequent paper,10 the same authors proposed a 
different mechanism—“direct reduction” of HAc.

Direct Reduction
In the so-called “direct reduction” of HAc, the re-

actions ([3] through [5]) underlying the buffering effect 
mechanism are assumed to be still valid. In addition, 
according to this mechanism, HAc is also adsorbed on 
the metal surface (Reaction [6]) and reduced “directly” 
according to Reaction (7).

 HAc HHAc HHA Acc HAcc Hbulkc Hbulkc H ads→c H→c H  (6)

 HAc eHAc eHA H AcH AcH Aadc eadc es ac es ac e H As aH AdsH AdsH A+ →c e+ →c es a+ →s ac es ac e+ →c es ac e H A+H A– –H A– –H A  (7)

This mechanism was favored by other authors as 
well6-7 and used to explain a high corrosion rate of 
mild steel in the presence of HAc. Garsany, et al.,6 
studied the role of acetate ion on the corrosion rate 
of carbon steel in a CO2 environment using a rotat-
ing disk electrode. Their voltammograms showed two 
“waves,” apparently resulting from the reduction of 
free hydrogen ions and the direct reduction of HAc. 
However, the authors also pointed out that because 
of the fast dissociation of HAc, it is very diffi cult to ex-
perimentally distinguish between the direct reduction 
of HAc and that of hydrogen ions. Matos, et al.,7 used 
square wave voltammetry and observed two different 
peaks on a platinum microdisk working electrode, 
suggesting the reduction of both free hydrogen ions 
and HAc.

Amri, et al.,11 proposed a mechanism that sug-
gested that the dissociation of adsorbed HAc is fol-
lowed by a Volmer-Heyrovsky step:

 HAc HHAc HHA Ac H AcH AcH Aadc Hadc H
e

adH AadH A� �c H� �c H Ac� �Ac+� �+� �
+

� �+� � H A+H A� �–� � –
–

 Volmer step (8)

 H H e HadH HadH H+ +H H+ +H H++ +++ + e H–e H�e H�e H2  Heyrovsky step (9)

In any case, all these mechansims are identical from a 
thermodynamic point of view: the beginning and end 
of the process are the same. The difference is in the 
pathway and, consequently, the kinetics.

It should be noted that the anodic reaction that 
occurs at the same time at the metal surface, to bal-
ance the charge, is the dissolution of iron:

 Fe Fe es aq( )s a( )s a( )s a( )s aq( )q
–→ +Fe→ +Fes a→ +s aFes aFe→ +Fes aFe( )→ +( )s a( )s a→ +s a( )s aq( )q→ +q( )q

+→ ++→ +2→ +2→ + 2  (10)

Hypothesis and Objective  
It remains important to distinguish these two 

principal mechanisms in HAc corrosion of mild steel, 
not least because the corrosion rate behavior and 
prediction depends strongly on the adopted pathway. 
If direct reduction of HAc occurs at the steel surface, 
the corrosion rate would steadily increase with the 
increasing HAc concentration (at the same pH), irre-
spective of the rate-controlling step (charge or mass-
transfer control) (schematic in Figure 1). This is due 
to an increase of both the charge and mass-transfer 
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limiting currents with increasing HAc concentration 
(as shown schematically in Figure 2). However, if the 
only cathodic reaction that happens at the metal sur-
face is the reduction of hydrogen ions, as proposed 
by the buffering effect, the corrosion rate will stop 
increasing beyond a certain HAc concentration (sche-
matic in Figure 1). This happens when the cathodic 
reaction rate control shifts from mass transfer (which 
responds to HAc concentration) to charge transfer of 
hydrogen ions, which is insensitive to HAc concentra-
tion, as shown in the schematic in Figure 3.

The brief review of critical literature above shows 
that, so far, the answer to this dilemma is not clear. 
Therefore, the objective of the present work was to 
provide additional empirical evidence that could  
help determine whether the direct reduction of HAc 
occurs or not. Furthermore, a study leading to an im-
proved understanding of HAc corrosion mechanisms 
will provide a good starting point for a similar analyti-
cal approach to be applied to study CO2 corrosion 
mechanism, where experimentation is more difficult. 
There, it is similarly debated whether the weak car-
bonic acid acts as a reservoir of hydrogen ions12-14 
(buffer -ing effect) or can be reduced directly at the 
steel surface.15-18

EXPERIMENTAL PROCEDURES

Method
In the previous corrosion studies carried out by 

George,8 and others, it has been difficult to resolve 
this issue since the charge-transfer region for the hy-
drogen ion reduction overlaps with the region where 
the dominant reaction is anodic dissolution of iron 
(for example, George8 used X65 pipeline steel [UNS 
K03014](1)). This led to a choice of a different substrate 

in the current work for the study of HAc reduction 
mechanisms. After trying out several noble metals 
(platinum and gold), the best and most consistent 
results were obtained by using a passive metal—a 
stainless steel (SS) Type 304 (UNS S30400) electrode. 
The charge-transfer current arising from reduction of 
hydrogen ions on SS304 could be examined without 
interference from the iron dissolution reaction. An 
additional benefit of using a passive stainless steel 
electrode rather than one made from a noble metal is 
that the former could be considered to be more alike 
to a mild steel surface, and the strong catalytic effects 
of hydrogen reduction seen on noble metals can be 
avoided. As Figure 4 shows, a reasonably good agree-
ment was obtained between the cathodic reactions 
(where they did overlap) obtained on the two steels 
(SS304 and X65) under the same environmental con-
ditions. Based on this result, it was assumed that 
the mechanism of the HAc cathodic reaction on mild 
steel can be revealed by examining the behavior of the 
same reaction on stainless steel at comparable condi-
tions.

 (1) UNS numbers are listed in Metals and Alloys in the Unified Num-
bering System, published by the Society of Automotive Engineers 
(SAE International) and cosponsored by ASTM International.

FIGURE 1. Illustration of corrosion rate change as a function of 
acetic acid concentration for direct reduction and buffering effect 
mechanism.

FIGURE 2. Illustration of cathodic behavior if direct reduction 
of acetic acid occurs at the surface, with points indicating the 
intersection between the anodic line and the cathodic line.

FIGURE 3. Illustration of cathodic behavior if buffering effect 
mechanism were correct, with points indicating the intersection 
between the anodic line and the cathodic line.
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Procedure
Both a rotating disk electrode (RDE) and a ro-

tating cylinder electrode (RCE) were used in present 
work. The RDE operates under a well-defi ned laminar 
fl ow regime and is a common setup that is used to 
examine electrochemical reaction mechanisms.14,19 
The RCE typically operates under very turbulent 
fl ow conditions and is a standard tool that is used to 
investigate fl ow-sensitive corrosion.8-10,16 In both of 
these cases, well-defi ned mass-transfer correlations 
exist.16,19 In the present study, both the RDE and the 
RCE were used to establish the validity of the conclu-
sions across a broad range of fl ow and mass-transfer 
conditions.

Experiments were conducted in a 150-mL glass 
cell for the RDE and a 2-L glass cell for the RCE, us-
ing a standard three-electrode setup.16 The glass cell 
was fi lled with 3 wt% NaCl aqueous electrolyte. Before 
each experiment, the solution was purged with nitro-
gen for at least 2 h to achieve electrolyte deoxygen-
ation.

As a result of the dissociation, the added acid is 
present as either undissociated HAc or acetate ion 
Ac– (Reaction [1]). Therefore, the total amount of acetic 
acid added to the glass cell, [HActot], can be calculated 
from the desired undissociated acetic acid concentra-
tion, [HAc], using the equilibrium expression (Equa-
tion [2]), constant Ka, and the desired pH (hydrogen 
ion concentration [H+]):

 
[ ] [ ]

[ ]
[ ]HA[ ]c H[ ]c H[ ] [ ]c H[ ][ ]HA[ ]c H[ ]HA[ ] [ ]Ac[ ][ ]c H[ ]Ac[ ]c H[ ] K
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where Ka is a function of temperature TK (in Kelvin).20

 Ka
T TK KT TKT T= × +T T× +T TT TKT T× +T TKT TT T× ×T T10 6 66104 0 001349 2T T2T T37856T T37856T T10T T10T T10T T10T TT T× ×T T10T T× ×T T5 2T T5 2T TT T× ×T T5 2T T× ×T T–( . –66104. –66104 . .T T. .T TK. .K× +. .× +T T× +T T. .T T× +T TT TKT T× +T TKT T. .T TKT T× +T TKT T. .001349. .001349 T T2T T. .T T2T T )T T–T T  (12)

In this work the HAc concentration mentioned 
refers to the undissociated HAc concentration, [HAc], 
unless otherwise stated.

To achieve the desired pH at a given HAc concen-
tration, the pH was adjusted by adding deoxygenated 
hydrochloric acid (HCl) or sodium hydroxide (NaOH). 
Before immersion into the test solution, the stainless 
steel electrodes were polished using 150, 400, and 
600 grit silicon carbide (SiC) paper and then washed 
with isopropyl alcohol (C3H8O) and air dried.

The electrochemical tests started when the mea-
sured corrosion (open-circuit potential, OCP) potential 
stabilized within ±5 mV over at least 2 min. The OCP 
was always found to be in the range between –250 mV 
and –450 mV with respect to the saturated silver/
silver chloride (Ag/AgCl) electrode. The electrochemi-
cal impedance spectroscopy (EIS) measurements 
were conducted by applying an oscillating potential 
of ±10 mV around the OCP using a frequency range 
from 10,000 Hz to 0.01 Hz to get the solution resis-
tance. For the cathodic sweeps, the working electrode 
was polarized from the OCP in the negative direction 
using a scan rate of 0.2 mV/s. The cathodic sweeps 
are corrected by knowing the measured solution resis-
tance from EIS.

RESULTS AND DISCUSSION

As hypothesized above, if the “buffering effect” 
mechanism is correct, the following processes occur:

—dissociation of HAc to form hydrogen ions and 
acetate ions (Reaction [3])

—transport of hydrogen ions (Reactions [4]) from 
the bulk to the metal surface

—reduction of hydrogen ions at the metal surface 
(Reaction [5])

—dissolution of iron to release ferrous ions (Reac-
tion [10])

In this mechanism, the role of HAc is to be a res-
ervoir of hydrogen ions. HAc provides hydrogen ions 
via dissociation as they are consumed at the metal 
surface. As a result, the ability of HAc to provide 
more hydrogen ions will increase with HAc concentra-
tion, leading to an increase of the limiting currents. 
The “buffering effect” mechanism does not account 
for the direct reduction of HAc at the metal surface. 
Consequently, there should be no effect of HAc on the 
charge-transfer current, which is a consequence of 
electrochemical reactions occurring at the metal sur-
face.

On the other hand, if HAc is directly reduced 
at the steel surface, the charge-transfer current will 
increase with increasing HAc concentration. The 
limiting current will also increase when more HAc is 
present, as a result of its ability to dissociate and pro-
vide hydrogen ions.

Therefore, the key difference between the “buffer-
ing effect” and the “direct reduction” mechanism is 

FIGURE 4. Comparison of cathodic sweeps obtained on SS304 
stainless steel and X65 mild steel at 25°C, pH 4.0, aqueous solution 
saturated with N2 with 3 wt% NaCl, 0 ppm HAc, RCE rotating speed 
1,000 rpm.
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based on how the charge-transfer current responds 
to a change of HAc concentration. Therefore, cathodic 
polarization was performed at a fi xed pH (constant 
hydrogen ion concentration) at different HAc concen-
trations to determine if the presence of HAc affects the 
charge-transfer current. If the charge-transfer current 
responds to the change of HAc concentration, the di-
rect reduction of HAc has to be considered (Figure 2). 
Conversely, if the charge-transfer current remains the 
same despite the change of HAc concentration, the 
“buffering effect” mechanism is correct (Figure 3).

Potentiodynamic Sweeps
Potentiodynamic sweeps were performed at a 

constant pH to investigate the effect of HAc concen-
tration on the charge-transfer current. Figures 5 and 
6 show the cathodic reaction rate on stainless steel 
at different concentrations of HAc at pH 4 by using a 
rotating cylinder electrode (RCE) and a rotating disk 
electrode (RDE), respectively. Indeed, at pH 4, an 
increase of HAc concentration only affects the limit-
ing current, arising from mass transfer, but has no 
infl uence on the charge-transfer current (Figures 5 
and 6). The same result was obtained in a laminar 
and turbulent fl ow regime (using the RDE and RCE, 
respectively).(2) This indicates that, besides the reduc-
tion of hydrogen ions, there are no other signifi cant 
cathodic reactions occurring at the metal surface. 
Similar results were observed at pH 3 (Figure 7), 
where, again, the HAc concentration has no effect on 
the charge-transfer current. In other words, under all 
these conditions, HAc acts primarily as a source of 
hydrogen ions, which only causes an increase in the 

 (2) The results on the RCE were conducted at Ohio University 
(Athens, Ohio) while the results on the RDE were obtained at the 
University of Pierre and Marie Curie (Paris, France) using slightly 
different experimental arrangements, which further reinforces the 
validity of the results.

FIGURE 5. Comparison of potentiodynamic sweeps obtained using 
a SS304 for different undissociated acetic acid concentrations at 
25°C, pH 4.0, aqueous solution saturated with N2, 3 wt% NaCl, RCE 
rotating speed 1,000 rpm.

FIGURE 6. Comparison of potentiodynamic sweeps obtained using 
a SS304 for different undissociated acetic acid concentrations at 
25°C, pH 4.0, aqueous solution saturated with N2, 3 wt% NaCl, RDE 
rotating speed 1,000 rpm.

FIGURE 7. Comparison of potentiodynamic sweeps obtained using 
a SS304 for different undissociated acetic acid concentrations at 
25°C, pH 3.0, aqueous solution saturated with N2, 3 wt% NaCl, RCE 
rotating speed 1,000 rpm.

mass-transfer-controlled limiting current for hydrogen 
evolution.

Since hydrogen ions appear to be the only ca-
thodic reactants, the change of hydrogen ion con-
centration should affect the charge-transfer current. 
Indeed, Figures 8 and 9 show a change of charge-
transfer current when pH changes. This was observed 
irrespective of whether HAc was present or not. In 
both cases, a higher charge-transfer current is ex-
pected when pH decreases (i.e., the hydrogen ion 
concentration increases). This result confi rms that 
hydrogen ions are the main cathodic reactant in the 
systems studied in this work.

The charge-transfer current density can be calcu-
lated as a function of potential (Equation [13]):

 i iH H
bc

α

η

( )i i( )i iH H( )H Hi iH Hi i( )i iH Hi i ( )H H( )H H

–
i i+ +i iH H+ +H Hi iH Hi i+ +i iH Hi iH H+ +H Hi i( )i i+ +i i( )i iH H( )H H+ +H H( )H Hi iH Hi i( )i iH Hi i+ +i iH Hi i( )i iH Hi i ( )+ +( )H H( )H H+ +H H( )H H= ×i i= ×i i ( )= ×( )+ += ×+ +i i+ +i i= ×i i+ +i iH H+ +H H= ×H H+ +H Hi iH Hi i+ +i iH Hi i= ×i iH Hi i+ +i iH Hi i ( )+ +( )= ×( )+ +( )H H( )H H+ +H H( )H H= ×H H( )H H+ +H H( )H H0H H0H HH H+ +H H0H H+ +H H+ += ×+ +0+ += ×+ +H H+ +H H= ×H H+ +H H0H H+ +H H= ×H H+ +H H 10  (13)
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where η is the overpotential, bc is the cathodic Tafel 
slope, and i0(H+) is the exchange current density for hy-
drogen reduction.

According to Bockris and Reddy,21 bc = 0.118 V at 
25°C. The results from Figures 5 through 9 agree well 
with this value. Bockris and Reddy21 also predicted 
that the charge-transfer current density in Equation 
(13) depends on the pH:

 

∂
∂

=
+log

– .( )+( )+i

pH
( )H( )α 0 5– .0 5– .

 
(14)

As shown in Figure 8, the measured charge-
transfer current increased approximately with a fac-
tor of three when pH decreased one unit. This result 

TABLE 2
Comparison Between Calculated 

and Experimental Limiting Currents at pH 3 
Using Rotating Cylinder Electrode

 HAc ilim ilim

 Concentration Calculated Measured
 (ppm) (A/m2) (A/m2)

     0 15 11±10%
   100 22 20
 1,000 84 50±10%

TABLE 1
Comparison Between Calculated 

and Measured Limiting Currents at pH 4 
Using Rotating Cylinder Electrode

 HAc ilim ilim

 Concentration Calculated Measured
 (ppm) (A/m2) (A/m2)

      0  1.5 1.7±10%
   100  8.5   8±10%
 1,000 70.4  70±10%

agreed well with Bockris’s Equation (14) and agreed 
with Stern’s fi nding.22

While the charge-transfer current is only a func-
tion of pH, the limiting current changes accordingly 
to both pH and HAc concentration. The limiting cur-
rent arising from the diffusion of hydrogen ions to the 
metal surface, idlim(H+), can be written as:

 i k F Hdi kdi km bF Hm bF Hlimi klimi k( )i k( )i kH( )Hi kHi k( )i kHi k [ ]F H[ ]F Hm b[ ]m bF Hm bF H[ ]F Hm bF Hi k+i k( )+( )i k( )i k+i k( )i ki k=i k +[ ]+[ ]  (15)

where F is Faraday’s constant, [H+]b is the concen-
tration of hydrogen ions in the bulk, and km is the 
mass-transfer coeffi cient, which for an RCE can be 
calculated from the Eisenberg, et al., correlation:23

 
Sh k d

D
Scmk dmk d

H

= == = × ×
+

0 0791 0 7× ×0 7× × 0 356. R× ×. R× ×0791. R0791 e× ×e× ×. Re. R× ×. R× ×e× ×. R× ×. .Sc. .Sc× ×. .× ×× ×0 7× ×. .× ×0 7× × 0. .0

 
(16)

where DH+ is the diffusion coeffi cient for H+ ions, and d 
is the specimen diameter.

In the case of a pure limiting mass-transport cur-
rent on a RDE, the limiting current can be directly 
predicted by Equation (17) given by Levich:19

 i F H Ddi Fdi F bH DbH DHlimi Flimi F( )i F( )i FH( )Hi FHi F( )i FHi F / – / /. [i F. [i F ]H D]H Di F+i F( )+( )i F( )i F+i F( )i F +i F=i F +H D+H D0 6i F0 6i F. [0 6. [i F. [i F0 6i F. [i F. [2. [i F. [i F2i F. [i F 2 3/ –2 3/ –1 6/ /1 6/ /1 2/ /1 2/ /ν Ω/ –ν Ω/ – / /ν Ω/ /1 6ν Ω1 6/ /1 6/ /ν Ω/ /1 6/ /
 (17)

where F is Faraday’s constant, DH+ is the H+ diffusion 
coeffi cient, ν is the kinematic viscosity, and Ω is the 
angular rotation speed of the electrode. The limit-
ing current value obtained on the RDE in the case of 
N2-saturated solution without acetic acid (Figure 6) 
agreed well with Equation (17).

The limiting current arising from diffusion of 
HAc to the metal surface, idlim(HAc), can be calculated in 
a similar fashion. If we assume that the two limiting 
currents are additive, Tables 1 and 2 show the com-
parison between the calculated and measured limiting 

FIGURE 8. Comparison of potentiodynamic sweeps obtained using 
a SS304 for different pH at 25°C, aqueous solution saturated with 
N2, 0 ppm HAc with 3 wt% NaCl, RCE rotating speed 1,000 rpm.

FIGURE 9. Comparison of potentiodynamic sweeps obtained using 
a SS304 for different pH at 25°C, aqueous solution saturated with 
N2, 100 ppm HAc with 3 wt% NaCl, RCE rotating speed 1,000 rpm.



CORROSION SCIENCE SECTION

CORROSION—Vol. 70, No. 3 229

currents as a function of HAc concentration at pH 4 
and pH 3 in the case of a RCE. The calculated limiting 
currents are in a reasonably good agreement with the 
measured limiting currents at pH 4, which are also 
consistent with George’s work.8 The calculated limit-
ing currents at pH 3 agree well with the measured 
limiting currents at low HAc concentration but slightly 
overpredict at high HAc concentration.

CONCLUSIONS

v The dominant cathodic reaction mechanism related 
to the reduction of acetic acid on steel is the so-called 
“buffering effect.”
v The presence of acetic acid only affects the cathodic 
limiting current due to the ability of acetic acid to pro-
vide the hydrogen ions by dissociation, when the lat-
ter are consumed at the metal surface.
v Acetic acid has no influence on the charge-transfer 
cathodic current since no direct reduction of ace-
tic acid can be detected. Hydrogen ions are the only 
cathodic reactants reduced at the metal surface. 
A change of pH leads to a change of the cathodic 
charge-transfer current, as expected.
v Experimental results are in agreement with theo-
retical calculations, which are based on the “buffering 
effect” mechanism.
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 5. P.C. Okafor, S. Nešić, Chem. Eng. Commun. 194 (2007): p. 141-
157.

 6. Y. Garsany, D. Pletcher, D. Sidorin, W.M. Hedges, Corrosion 60, 
12 (2004): p. 1155-1167.

 7. M. Matos, C. Canhoto, M. Bento, M. Geraldo, J. Electroanal. 
Chem. 647 (2010): p. 144-149.

 8. K. George, “Electrochemical Investigation of Carbon Dioxide Cor-
rosion of Mild Steel in the Presence of Acetic Acid” (MS thesis, 
Department of Chemical Engineering, Ohio University, Athens, 
OH, 2003).

 9. G.A. Zhang, Y.F. Cheng, Corros. Sci. 51 (2009): p. 87-94. 
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