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Abstract

An imidazoline based inhibitor was synthesized using oleic acid and
diethylenetriamine (DETA). The characteristic properties of the
synthesized inhibitor were investigated by FTIR and HNMR tests.
Tafel polarization technique and electrochemical impedance
spectroscopy (EIS) were used to study the electrochemical and
corrosion inhibition properties of the inhibitor in CO2 saturated 3%
NaCl solution. Potassium iodide was added to the corrosion media to
enhance the inhibition efficiency of the inhibitor. The measured
corrosion rates were optimized by Design Expert 10.0.7 software
using central composite design and response surface method.
Temperature and inhibitor concentration were selected as the most
effective parameters. Analyses of variance (ANOVA) were performed
on the results of the designed experiments. It was found that
temperature and inhibitor concentration effects on corrosion rate
and inhibition efficiency are complicated and their interactions.
Addition of KI to the inhibitor system had a synergistic effect on the
corrosion inhibition. It almost eliminated the dependency of the
corrosion rate to temperature and inhibitor concentration which is a
great achievement in inhibitor applications in oil and gas industries.
DOE data revealed that the best inhibition of corrosion occurred at
250C with 37.7ppm of synthesized Imidazoline inhibitor and
2000ppm KI. It is estimated by the software that at this point the
corrosion rate is 6pum/year and polarization resistance is 30788().
The synthesized inhibitor conforms perfectly to the Langmuir
adsorption isotherm.
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A detailed DOE study on temperature, concentration and their interactions on ...

Extended Abstract

Introduction

Corrosion of steel in CO. containing oil
and gas systems are one of the most issues
that has drawn lots of attention. Different
parameters are effective on corrosion rate,
the most important of which are
temperature and inhibitor concentration.
Lots of researches were done on this issue,
most of them reported that corrosion rate
would be increased by temperature rise
and concentration decrease, while few
articles also reported that these trends are
not this simple and temperature and
concentration affect corrosion rate more
complicated and have interactions with
each other. However, studying the detailed
influences of temperature and
concentration on inhibition behavior of an
inhibitor are not discussed very much.

Here in this research, we synthesized an
inhibitor to be injected to a corrosion test
cell. We also tried to understand how the
corrosion rate and polarization resistance
are influenced by temperature and
concentration and besides how changing
one of these two parameters affect the
other one impact.

Materials and Methods

Oleic acid and diethylenetriamine (DETA)
were purchased and used as the two main
reagents. In a three necked flask DETA was
added drop wise to oleic acid at 70°C with a
molar ratio of 1:1. The mixture was heated
up to 175 °C and retained at this
temperature for about 1 hour. Water is
produced as the product of the reaction
between DETA and oleic acid. Trapped
water proves the completion of the reaction
and formation of the amide. The mixture
was then heated up to 225-240°C. Further
amount of water was produced and
extracted from the mixture in the next stage
of the process. The yellowish product
turned to brown imidazoline compound as
the result of temperature increase.
describes these FTIR bands and their
corresponding bonds all of which are in
accordance with the bonds reported for
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The physical properties of the synthesized
inhibitor were then tested by HNMR and
FTIR methods using RXI Pekinelmer and
Bruker Advance III spectrometer devices
respectively.

The synthesized imidazoline compound was
injected as inhibitor at different
concentrations and temperatures to study
corrosion efficiency. Isopropyl alcohol used
in dilution of the inhibitor. Tafel
polarization and Electrochemical
Impedance Spectroscopy (EIS) were used to
study the electrochemical behavior of the
synthesized inhibitor by Autolab 302N
Potentiostat/Galvanostat in the
deoxygenated CO; saturated 3wt% NaCl
solution. Corrosion rate and polarization
resistance were recorded as the two factors
affecting corrosion protection efficiency,
while different amounts of the synthesized
inhibitor were injected to the NaCl solution
at different temperatures. Effect of the
addition of 2000ppm KI on the corrosion
rate and polarization resistance was also
studied.

Tafel polarization test carried out at the
scan rate of 1mV/s. Nova 2.1 software used
to both conduct electrochemical tests and
evaluate test results.

Design Expert 10.0.7 (DOE) software was
used to design the experimental procedure
of the electrochemical tests. Response
surface method and central composite mode
of DOE software were applied for designing.
The DOE  software  helped both
experimental designing and statistical
interpretation of data.

Results and Discussions
Fourier Transform
Spectroscopy

The synthesized product illustrates
different FTIR bands as there are different
bonds each with different bonding energies
in the structure of the compound.

Infra-Red

imidazoline compounds in previouse
researches. The absorption peak appeared
at 1607 cm?! in the spectrum clearly
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indicates the presence of C=N bond which is
the characteristic absorption peak of an
imidazoline ring.

NMR spectroscopy

Error! Reference source not found. shows
the IHNMR spectrum of the synthesized
inhibitor. As can be seen in the spectrum,
there are sharp peaks at 5.22ppm, 3.56ppm,
3.15ppm and 2.73ppm, which are related to
imidazoline compound according to
previous studies.

Electrochemical measurements

Corrosion rate and polarization resistance
data extracted from Tafel polarization plots
were entered in DOE software. By means of
this software different figures such as
corrosion rate vs. temperature, corrosion
rate vs. inhibitor concentration and a 3-D
plot showing simultaneously the effects of
both temperature and inhibitor
concentration on corrosion rate were
plotted.

Table 1 FTIR bands for the synthesized imidazoline compound

FTIR band (cm-1) Function Group
1280.94 CHs (C-H bending symmetrical)
1458.57 CH; (C-H bending asymmetrical)
1607.89 C=N
2854.27 C-H symmetrical stretch
2924.57 C-H asymmetrical stretch
3292.3 N-H stretching vibration

Effect of the synthesized inhibitor on
corrosion behavior:

Electrochemical data show that the
corrosion rate in the presence of inhibitor is
always much less than that of without
inhibitor.  This  indicates that the
synthesized inhibitor is effective for the
system. Addition of the synthesized
inhibitor can increase the corrosion
protection efficiency to a great extent
(98.8% of efficiency for 25ppm inhibitor at
500¢), the effects of temperature and
concentration on the corrosion protection
efficiency is somehow complicated.

By means of DOE software we figured out
that at different temperatures increasing
inhibitor  concentration could affect
corrosion rate differently. Error! Reference
source not found. simply shows the fact that
at 50°C corrosion rate is generally more
than what it is at 25°C regardless of the
inhibitor concentration, as the red curves
generally locate above the black ones.
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By looking precisely to this graph, it can be
found out that at low temperatures (25°C),
where the corrosion rate is slow, increasing
inhibitor concentration decreases corrosion
rate. This is mainly because more inhibitor
concentration adds up inhibitor molecules
to the film and thicken the barrier film
while diminishes the porosities, resulting to
a higher corrosion protection and lower
corrosion rate. While, at this temperature,
by reaching a high concentration the
inhibitor film is so thick that is not stable
anymore and begins to deteriorate and
hence corrosion rate increases as the result.
Overall, the plot for corrosion rate vs.
inhibitor concentration at 25°C, doesn’t
show a very high slope and corrosion rate
does not change substantially in this plot so
the temperature effect is negligible. This
means that changing inhibitor
concentration doesn’t affect corrosion rate
very much at low temperatures.

On the other hand, at 50°C the plot begins at
higher corrosion rates and continues
ascending until the inhibitor concentration
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reaches about 75ppm. Actually, this graph
shows a competition between the effects of
high temperature and increasing corrosion
inhibitor on the corrosion rate. At low
concentrations the high temperature beats
the competition. While by adding further
inhibitor to the system, the formed inhibitor
film on the steel substrate finally gets thick
enough to nullify the effect of temperature
and decrease the corrosion rate. It is worth
mentioning that at higher temperatures the
physical bonding between inhibitor and the
steel substrate and between the inhibitor
molecule themselves are enhanced so a
thicker film can be made easily without the
thread of deterioration due to unstability. In
other words, at the same concentration of
inhibitor, the inhibitor barrier film is
thicker at higher temperatures.
Electrochemical measurements also
support this statement.

Addition of 2000ppm KI to the solution
increases further corrosion protection
efficiency to 99.2%. In addition, by adding
KI to the inhibitor, we could lessen the
effects of temperature and concentration
changes on the corrosion rate, which makes
this inhibitor more suitable to be applied in
oil and gas industry, where the temperature
of the pipelines and above ground facilities
changes a lot and usually increases.

The adsorption mechanism of the
synthesized imidazoline molecules to steel
surface obeys the Langmuir adsorption
isotherm.

Conclusion

Increasing inhibitor concentration and
temperature have competitive effects on
inhibition properties. The effect of
temperature increase is more than the
effect of inhibitor concentration increase on
inhibition properties of the imidazoline
inhibitor, as the slope of corrosion rate
increases and polarization resistance
decreases due to temperature rise in DOE
figures are higher than that of inhibitor
concentration increase. In other words,
effect of inhibitor concentration increase on
corrosion inhibition is neutralized at high
temperatures.

Addition of 2000ppm KI to the synthesized
inhibitor increases corrosion efficiency. It
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also makes environmental changes
(temperature and inhibitor concentration)
less effective on corrosion rate.

DOE software helps to find the optimum
point at which the corrosion rate is
minimized and inhibition efficiency is
maximized. This point is at 25°C with
37.7ppm of Imidazoline inhibitor and
2000ppm KI. It is estimated by the software
that at this point the corrosion rate is
6um/year and polarization resistance is
307881.
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