POSTER AWARD RESEARCH LETTER

Effect of Corrosion Inhibitor Alkyl Tail Length
on the Electrochemical Process Governing
CO, Corrosion of Mild Steel

Juan Dominguez Olivo,** Bruce Brown,* David Young,* and Srdjan Nesi¢*

Four different model compounds were synthesized and utilized in this research to relate inhibitor alkyl tail length to changes in the activation
energy of the electrochemical process associated with CO, corrosion of an APl 5L X65 steel at pH 4.0. The molecular structure of the model
compounds was composed of the same head group, dimethyl-benzyl ammonium, with four different alkyl tail lengths corresponding to buty!
(-C4Hg), octyl (-CgH+7), dodecyl (-C;-H.s), and hexadecyl (-C6H33). In data analysis, the chemical component of the total activation energy was
calculated using an Arrhenius-type relationship and by working at the potential of zero charge (PZC). A linear relationship between the tail
length of the corrosion inhibitor and the change in the activation energy of the corrosion electrochemical process was determined, suggesting
that the tail modifies the activation energy of the electrochemical process underlying CO, corrosion.

KEY WORDS: activation energy, alkyl tail length, corrosion inhibitors, CO, corrosion, mitigation

INTRODUCTION

A corrosion inhibitor is a chemical substance that can sig-
nificantly reduce corrosion, in certain environments, when
added in small concentrations.” The oil and gas industry
typically uses organic surfactant-type compounds such as
amines, amides, and imidazolines, which primarily function by
adsorbing on the metal surface and forming a “barrier” against
corrosion.’ Regarding the effect of the alkyl tail length of the
corrosion inhibitors, there have been studies relating the alkyl tail
with the mitigation efficiency of the corrosion inhibitors.”™ In
general, it was concluded that the longer the corrosion inhibitor
alkyl tail, the greater the corrosion mitigation efficiency.
However, the key link between inhibitor alkyl tail length and
corrosion mitigation is not properly established.

Consequently, the main purpose of this research is to
propose a model that better describes the inhibition process and
account for the effect of the alkyl tail length mechanistic role.

EXPERIMENTAL PROCEDURES

2.1 | Synthesis of Corrosion Inhibitor Model
Compounds

To be able to effectively isolate the effect of the alkyl tail
length of the corrosion inhibitors, four different model com-
pounds were synthesized in-house and tested against CO,
corrosion of mild steel. The model compounds consisted of
the same head group, dimethyl-benzyl-ammonium (denoted
heretofore as “Q"), with four different alkyl tail lengths: butyl
(-C4Hy), octyl (-CgH47), dodecyl (-C45H»s5), and hexadecy!

(-C46H33). The general synthesis reaction is as depicted in
Figure 1.

2.2 | Electrochemical Experiments

A three-electrode glass cell setup was used to perform
corrosion and corrosion mitigation experiments at 1 bar
(100 kPa), pH 4.0, and 30, 35, 40, and 45°C with a 1 wt% NaCl
electrolyte; an API 5L X65 steel (UNS K03014'"”; Fe 97.7, C 0.13,
Mn 1.16, Mo 0.16, wt%) rotating cylinder electrode (RCE) at
1,000 rpm was used as the working electrode. A platinum cov-
ered titanium mesh was used as a counter electrode and an
Ag/AgCl (KCI saturated) electrode was used as the reference.
CO, was used for purging the system and the solution pH was
adjusted and maintained at pH 4.0+0.1 during each experiment.
Linear polarization resistance (LPR) measurements were taken
to obtain the charge transfer resistance by polarizing the
working electrode 5 mV from the corrosion potential.
Corrosion rates were then calculated by using a B value of
26 mV/decade. Electrochemical impedance spectroscopy
(EIS) measurements were taken at applied bias potentials be-
tween -0.85 Vag/ager and -0.5 Vag/ager Using a frequency range
between 10 mHz to 5 kHz. Effective double layer capacitances
were obtained by the method formulated by Hirschorn, et al.,
as described elsewhere.” The potential of zero charge (PZC) was
found via the minimum capacitance method.® Corrosion inhi-
bitors were tested at the surface saturation concentration (the
minimum concentration that yielded the maximum efficiency
of a corrosion inhibitor) with values reported and described
elsewhere.®
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FIGURE 1. General reaction for the model compounds utilized as
corrosion inhibitors.

RESULTS AND DISCUSSION

At the outset, it was assumed that at surface saturation
concentration the adsorbed organic inhibitor forms a uniform film
that affects both components of the electrochemical activa-
tion energy: the chemical and the electrical component. To
separate the two, the chemical activation energies were found
at the potential of zero charge (PZC). This was done based on an
assumption that the electrical component of the activation
energy was minimized at the PZC® so that the rate constant of the
process obtained via an Arrhenius plot was dominated by the
chemical component. It was also assumed that the corrosion rate
was inversely proportional to the polarization resistance
(according to the Stern-Geary equation'®™"),

3.1 ] Effect of Alkyl Tail Length on Activation Energy
Dominguez, et al.® have discussed the physical inter-
pretation of the chemical component of the total activation
energy in the electrochemical dissolution of steel. The acti-
vation energy associated with the corrosion process was

determined via an Arrhenius plot from charge transfer resis-
tance measurements at the PZC. It was assumed that the rate
constant of the iron dissolution was governed by the chemical
component of the activation energy. The logarithm of the charge
transfer resistance was plotted versus the inverse of the
absolute temperature. Figure 2(a) shows the Arrhenius plot for a
CO, system with no corrosion inhibitor. The activation energy
was determined to be ca. 47 kJ/mol (5,695 Kx 8.314 J/molK=
47 kJ/mol). Because no clear PZC was detected in the pres-
ence of corrosion inhibitors, the activation energies were de-
termined at the PZC in the absence of corrosion inhibitors
(=450 mVsyg). The purpose was to compare the activation energy
changes, similarly to the method proposed by Gileadi, et al."?
Figure 2(b) shows the Arrhenius plot for a CO, system with Q-C12
corrosion inhibitor model compound. The activation energy
was determined to be ca. 54 kJ/mol. From these figures, it can be
observed that the addition of a corrosion inhibitor increased
the activation energy of the electrochemical process underlying
corrosion.

The activation energies for the CO, corrosion process in
the presence of the adsorbed corrosion inhibitor model com-
pounds were plotted against their respective alkyl tail lengths
(calculated with an advanced molecule editor software'3). The
plot of the activation energies vs. model compound alkyl tail
length is shown in Figure 3. The plot showed a linear relationship
between the activation energy and the increase of the inhibitor
tail length. In addition, if the resulting graph is extrapolated to
"zero-length” alkyl tail, the result is ca. 48.5 kd/mol, which is
very close to the activation energy in the absence of corrosion
inhibitors (46.9+1.8 kJ/mol). This result suggests that the role
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FIGURE 2. (a) Determination of activation energy in a CO, system with no inhibitor (46.9+ 1.8 kJ/mol). (b) Determination of activation energy in the

presence of the inhibitor model compound Q-C12 (53.8+1.5 kJ/mol).

138 FEBRUARY 2019 ¢ Vol. 75 ¢ Issue 2

CORROSIONJOURNAL.ORG



58
y =0.3812x + 48.479

S R2 = 0.9889
§ 54 -
€ 52+
a .........
5 509 L. %
= .ot
W 48
c
2 46 -
2
= 44 1 L
< .

42 1 : 0

40 I I I I

0 4 8 12 16 20

Tail Length (A)

FIGURE 3. Activation energies of inhibited CO, corrosion electro-
chemical processes vs. inhibitor alky! tail length.

of the head group in the quaternary ammonium model com-
pounds is primarily to attach to the metal surface and the alkyl
tail length is responsible for modifying the chemical activation
energy of the electrochemical process underlying CO, cor-
rosion. The observed increase in activation energy can plainly be
explained by the influence of the hydrophobic non-polar in-
hibitor alkyl tail on charge transfer resistance, as it repels water
more effectively when its length increases. Due to the “dilu-
tion" and displacement of water by the adsorbed inhibitor
molecules at the metal surface, the ionization activation en-
ergy of the metal increases and, as a result, the anodic disso-
lution of iron proceeds at a lower rate.

CONCLUSIONS

> The activation energy of the electrochemical processes
underlying CO, corrosion was obtained for each inhibitor model
compound at their respective surface saturation concentra-
tion. The longer the tail, the larger the increase in activation
energy.

> |ncrease in activation energy was consistent with corrosion
rate results. The longer the alkyl tail length, the greater the
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corrosion mitigation efficiency for the homologous series
evaluated.

> The results suggested that the main role of the head group
of the quaternary ammonium model compounds is to help attach
the inhibitor molecule to the metal surface, while the hydro-
phobicity of the alkyl tail plays a governing role in the inhibition
process by displacing water molecules from the surface and
increasing the chemical activation (ionization energy) for metal
dissolution.
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