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ABSTRACT

Organic corrosion inhibitors (Cls) are widely used in the oil and gas industry to control pipeline corrosion.
Batch treatment is a method commonly used to apply Cls for top-of-the-line corrosion mitigation in gas
lines and in downhole tubulars. In this approach, the CI forms a thick protective film on the pipe surface,
but this film gradually degrades due to various factors, leading to loss of inhibition. Therefore,
understanding CI persistency and the parameters affecting its degradation is critical for improving the
efficacy of batch treatments. A novel methodology and experimental setup were developed to address
previous limitations and investigate Cl persistency under batch treatment conditions. This setup
effectively removed all Cl residuals after application and prevented oxygen contamination during the film
formation step. A commercial inhibitor was used to study the effects of temperature, presence of
hydrocarbon, and contact time on CI persistency, by application in situ on APl 5L X65 steel inside a
deoxygenated glass cell. In addition, different model compound Cls with different solvents/carriers were
tested for investigating their persistency. Electrochemical measurements were taken at intervals to track
inhibitor performance over time.
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INTRODUCTION

Loss of metal due to CO; corrosion of the internal walls of mild steel pipelines has always been a
significant problem in oil and gas industries. Different methods have been implemented to mitigate
internal pipeline corrosion. Among these methods, the use of corrosion inhibitors provides advantages
for minimizing pipeline wall loss as inhibitor treatment costs are lower than other mitigation techniques,
such as corrosion resistant alloys (CRAs) and coated pipelines, and can be adjusted over time. Thus,
chemical inhibitors are widely used as a conventional method to mitigate internal pipeline corrosion using
two main methodologies: continuous inhibitor injection and batch inhibition treatment.’~” Continuous
injection involves the constant application of an inhibitor at a low concentration, while batch inhibition
uses periodic treatments at much higher concentrations. When continuous inhibitor injection fails to
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provide adequate protection, batch inhibition can be implemented as an alternative approach. Different
methods exist for administering inhibitors within a batch inhibition regime. In transportation pipelines, an
inhibitor slug is introduced between two moving displacement devices (pigs or scrapers). The subsequent
movement of these pigs results in the formation of a thick inhibitor film on the pipe internal surface.
Alternatively, in downhole tubular systems, a highly concentrated inhibitor slug is injected from the
wellhead, where it is allowed sufficient residence time to establish a uniform protective coverage on the
pipe walls. Over time the inhibitor is gradually removed from the metal surface, resulting in loss of
protection. The duration over which the inhibitor remains effective is referred to Cl persistency.”~*! Thus,
understanding inhibitor persistency behavior is crucial for determining the time window of safe operation.

One of the most challenging steps in batch inhibition studies is the methodology that is employed in the
laboratory to simulate the field application. The literature mentions two main methods to assess the
persistency of batch inhibitors. In the first methodology, the specimen is first dipped into the neat or
diluted inhibitor solution for a pre-defined time that represents the contact time. Then, the specimen is
dripped dry and transferred to the uninhibited brine and electrochemical measurements are conducted
on the specimen, with often only limited brine renewal. 81114 This method is called “ex-situ dip and drip”
method. The issues with this type of procedure are thought to be oxygen intrusion, since inhibitor is
applied ex situ, and no control of inhibitor concentration if the solution in the glass cell is not continuously
renewed. In the second methodology, inhibitor is applied to the specimen in a deoxygenated glass cell
to avoid oxygen contamination. Then, the uninhibited brine is introduced to the glass cell without
transferring the specimen.*>® This method is called “in-situ modified dip and drip” method. A modification
of this method was proposed by Achour, et al.*® and involved filling the entire cell with concentrated ClI to
avoid complications associated with the specimen transfer (O, contamination). However, this change was
not without bringing its own sets of issues, leaving excessive residual inhibitor in the cell which must have
been difficult to remove. Both methods exhibited limitations in brine renewal and Cl concentration control
during inhibitor application step and corrosion monitoring. Accordingly, an improved methodology is
needed to simulate field applications without oxygen contamination, with a more controlled CI film
formation and with the ability to remove all inhibitor residuals from the glass cell.

In addition to the inhibitor film formation procedure, the methodology that is used for batch inhibition study
must consider other controlling parameters that play an important role in field application. Table 1
summarizes how the effects of these important parameters are treated in field applications and laboratory
studies:

Table 1
Parameters from field application vs. laboratory studies 11314
Parameter Field application Laboratory studies
Presence of Flow in oil and gas pipelines consists of o ,
. Presence of oil is often ignored
hydrocarbon both oil and water phase

Set based on the time that

Calculated based on the CI slug volume . . )
specimen is in contact with

Contact time and velocity (at most 10-15 seconds)

inhibitor
. . Estimated at 25 um to 76 um (1 to 3 | Not consistently measured or
Film thickness . C »
mils) using “rule of thumb reported
Diluentto Clratio | 1:1to 5:1 Neat ClI

“‘As received” in commercial
inhibitor  package  (which
contains solvents)

Field condensate, crude, diesel or

Solvent type aromatic solvents

A number of literature studies investigated the effects of different operational parameters on CI
persistency in batch treatment. De Marco, et al.'*, studied the effect of the presence of hydrocarbon on
batch inhibition persistency. They used the dip and drip method using different model compound
inhibitors and claimed that some inhibitors chemisorbed on the specimen while the other physiosorbed



on the metal surface based on assessment of their respective adsorption enthalpy and free adsorption
energy (AH,, and AG,;). They also concluded that, in the presence of hydrocarbons, chemisorbed
inhibitors experience higher persistency while physiosorbed inhibitors persistency decreases. Menendez,
et al.'!, used an optical profilometer to measure the inhibitor film thickness of the specimens that were
dipped into the inhibitor solution (dip and drip method), but did not conduct corrosion studies for
confirmation of the results. Generally, the thickness of the inhibitor film on the specimens right after
dipping step was in the range of 25 to 76 um (similar to the reported value in the field). In addition, the
authors investigated the effects of four different contact times on inhibitor film thickness, but differences
observed were considered negligible. Moreover, inhibitor film thickness of two diluted commercial
inhibitor packages were measured and compared to the neat measurements. Results showed that a
decrease in the inhibitor package viscosity due to the dilution led to a lower inhibitor film thickness, which
was thought to diminish the corrosion mitigation and persistency of the inhibitor. In prior research at the
author’s laboratory 1%, the effect of temperature was examined using the Langmuir isotherm model, and
the adsorption/desorption kinetics were calculated. The results indicated that higher temperatures lead
to an increased desorption rate of the inhibitor, which also places it as another important operational
parameter to examine.

Accordingly, for laboratory batch inhibition studies, an appropriate methodology is needed to simulate
the field application with no oxygen contamination and the ability to continuously remove inhibitor
residuals from the glass cell. In addition, important parameters that are considered in field application of
batch inhibition need to be studied to fill the knowledge gap on this topic. These parameters are inhibitor
type, flow conditions (shear stress, temperature, etc.), film thickness, contact time, type of solvent, initial
Cl concentration, and presence of hydrocarbons or corrosion products. Among these parameters,
temperature, presence of hydrocarbon, contact time, inhibitor type, and type of solvent were studied in
this research.

EXPERIMENTAL PROCEDURE

All experiments were done in a 3-electrode glass cell apparatus connected to a 350 gallon (1325 liter)
tank and the effluent container (Figure 1a). In this study, two different sets of experiments were
conducted: batch inhibition experiments with commercial inhibitor (reaction products of fatty acid and
amines with long hydrocarbon tail), and batch inhibition experiments with model compound inhibitors
(quaternary ammonium and phosphate ester type CI).
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Figure 1: a) 3-Electrode glass cell setup schematic (left) b) and the inhibitor vial holder used for
inhibitor film formation (right).



For each experiment the detailed steps were as follows:

1.
2.

3.

Uninhibited brine was prepared and sparged overnight with CO..

The glass cell was emptied, dried and sparged for 30 min with CO; to deoxygenate the
system before use.

Rotating Cylinder Electrode (RCE) was installed in the glass cell and the glass cell was
sparged for another 10 min with COs,.

Inhibitor solution was put in a separate vial attached to the holder (Figure 1b)

Stopper was removed and the vial was lowered into the glass cell and positioned around
the RCE, avoiding direct contact between the vial and the RCE.

RCE rotation was set at (300 rpm) for a specific contact time (flow with inhibitor contact).
RCE rotation was stopped, and the inhibitor vial was removed, avoiding direct contact
between the vial and the RCE.

The vial was taken out of the glass cell, the stopper was put back, and the glass cell was
sparged with CO, for another 5 min.

Pre-sparged uninhibited brine was introduced to the glass cell continuously at a constant
flow rate (40 mL/minute). Once the RCE was fully immersed in the brine, the outlet valve
was open in order to maintain, at steady state, a constant aqueous phase volume in the
cell. Excess inhibitor from dip and drip was flushed out of the bottom of the glass cell with
the initial flow of brine.

10. After full contact between the RCE and the brine, RCE rotation was set at 1000 rpm and

electrochemical measurements were taken at constant intervals until the end of the
experiment.

Table 2 shows the experimental matrix for experiments with commercial inhibitor and model compound

Cls.
Table 2
Experimental test matrix for the batch treatment persistency experiments
Parameters Description
Working electrode API 5L X65 (0.05 wt.% C)
Reference electrode Saturated KCI Ag/AgClI
Counter electrode Platinum coated titanium mesh
Electrolyte 1 wt.% NaCl
Sparge gas CO;
Total pressure 1 bar (10° Pa)
RCE rotational speed 1000 rpm
Temperature 30°C, 60°C, and 80°C
pH 4.0,4.45,and 4.65+ 0.1
Measurement methods OCP, LPR, EIS
Inhibitor type Commercial Cl, Benzyldimethylammonium (BDA-
C16), Phosphate ester (PE-C14)
Inhibitor initial concentration 1.5, 7.5 and 15 wt.% - neat
Residual inhibitor concentration measurement UV-vis spectroscopy (BDA-C16 only)
method
- s Isopropanol, Butoxyethanol,
:)nnl’:)l/kiltor solvent (model compound inhibitor AIkyIphenoIethoxngte, and LVT-200 model oil
(light petroleum distillate)
Pre-corrosion No pre-corrosion
Contact time 5 minutes or 10 seconds
Presence of hydrocarbon 0 or 1% (v/v) model oil




The electrochemical measurements that were taken during the experiments were open circuit potential
(OCP), electrochemical impedance spectroscopy (EIS), and linear polarization resistance (LPR). OCP
was monitored before other measurements to check if the system was stable (AOCP < 5 mV/minute).
EIS was used to measure the solution resistance (Rs), which was used to correct LPR results in all
corrosion rate measurements shown in this study. Measurements in the sequence of OCP-EIS-OCP-
LPR were repeated approximately every 30 minutes throughout each experiment. Data collected for Rs
and OCP associated with these tests is under review, so these details are not provided in this paper.

In a previous study®?, benzyldimethylhexadecylammonium (BDA-C16) was used as a model Cl to
investigate batch corrosion inhibition. It was used again in this study because it is a chemical which is
synthesized in-house, has been used in several studies, and has been shown to have repeatable ClI
residual measurements obtained using UV-vis spectroscopy. The UV-vis method was not able to be used
for commercial inhibitors or phosphate ester Cls, so it was only reported for use with BDA-C16.

After each experiment, the RCE were visually inspected for general or localized corrosion. If localized
corrosion was observed, the RCE was analyzed using the Alicona Infinite Focus Microscope (IFM) for
the profilometry measurement.

RESULTS

Prior to corrosion inhibitor experiments, baseline corrosion rates were established through numerous
glass cell experiments conducted under identical conditions without the presence of hydrocarbon at 30°C,
60°C, and 80°C. These experiments yielded a corrosion rate of 3.95+ 0.25,8.2 £ 1.8, 11.7 + 1.9 mm/year
at 30°C, 60°C, and 80°C respectively in the absence of any inhibitor. To isolate the effects of model oil
on RCE corrosion rates, experiments were conducted using the same methodology as the CI
experiments, but with the vial filled solely with model oil. No significant effects on corrosion rates were
observed.

Batch Inhibition experiments using a commercial corrosion inhibitor
The first series of experiments were performed with a commercial batch inhibitor, known for its
persistency. The aim of these experiments was to validate the methodology and to identify the main

parameters that could have an influence on the ClI persistency.

Effects of temperature and contact time

A commercial inhibitor that had shown excellent performance from a previous set of proprietary testing
was used in these experiments. In addition, the influence of two parameters speculated to affect Cl
persistency was investigated: contact time and temperature. Figure 2 shows the corrosion rate versus
time for two repeats of the experiment in which a neat (as received) inhibitor was applied to the RCE for
5 minutes of contact time and exposed to flowing conditions at 30°C. The commercial inhibitor was used
‘as received’ and the exact composition was proprietary. The excessive contact time was chosen for
proof of concept (this was adjusted in subsequent experimentation). The commercial Cl showed high
persistency in the testing conditions: excellent inhibitor efficiency (close to 100%) and persistency for
over 18 days.

Since such low LPR corrosion rates were observed for these experiments, further tests were conducted
for confirmation. Cathodic potentiodynamic sweeps (from Eoc t0 Eoc-700mV) and one short anodic
sweep (from Eoc to Eoc+20mV) were conducted at the end of these two experiments to observe the
change in corrosion mechanisms. Figure 3 shows that, compared to the uninhibited conditions, charge
transfer rates and limiting currents of all reactions decreased by multiple orders of magnitude in
experiments with this commercial inhibitor, confirming its mitigating effect on all corrosion mechanisms.
Mass loss measurements of the RCE from these tests also showed no measurable change, confirming



the electrochemical measurements. With confirmation of the results, inhibition efficiency was calculated
at 99.997% based on solely the LPR measurements from the inhibited and uninhibited experiments
(Equation (1)):

__ CRyninhibited—CRinnibited
€= (1)
CRyninhibited

where ¢ is the corrosion efficiency, CRyninninitea 1S the steady state corrosion rate (3.95 + 0.25 mm/year
baseline corrosion rate at 30°C) without inhibitor and CR;,nipiteqa 1S the steady-state corrosion rate
(mml/year) in the presence of inhibitor.
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Figure 2: Batch inhibition persistency experiments (2 repeats) with commercial inhibitor (30°C, 5
min contact time, 1000 rpm, pH 4.0, 1 wt.% NacCl). Corrosion rates are measured with LPR.
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Figure 3: Potentiodynamic sweeps of the specimen with commercial Cl (2 repeats) vs.
uninhibited conditions (30°C, 5 min contact time, 1000 rpm, pH 4.0, 1 wt.% NaCl).




Given the excellent persistency demonstrated by this commercial batch CI in these experiments, further
investigation was undertaken to determine which changes in experimental conditions would have a
detrimental effect on its performance. Thus, for the next step, the effects of shorter contact time and
higher temperature were studied. Figure 4 shows three different repeats of an experiment in which the
contact time was 10 seconds, and the temperature was initially 30°C for 1.5 days. Then, the temperature
was increased to 45°C to investigate the effects of an increase in temperature. Results showed that, with
the shorter contact time, the same inhibitor efficiency for 30°C was observed. The increase in temperature
caused an increase in the corrosion rate, however, the inhibitor remained persistent and was assumed
to have a similar inhibitor efficiency based on an expected higher baseline corrosion rate at the higher
temperature. Baseline conditions were not tested at 45°C due to this assumption.
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Figure 4. Batch inhibition persistency experiments (3 repeats) with commercial inhibitor with
shorter contact time and increase in temperature (30°C to 45°C, 1000 rpm, pH 4.0, 1 wt.% NacCl).

Since this commercial batch Cl showed excellent persistency throughout the laboratory testing period
further investigations were warranted, particularly at elevated temperatures (60°C and 80°C). In all
experiments at 60°C, an increase in the corrosion rate occurred after 3.5 days, which indicates a partial
loss of inhibition. These experiments represent an interesting case study since it showed a measurable
persistency period (followed by a relatively rapid loss of persistency) and is the focus of deeper analysis.
Figure 5 shows five repeats for experiments at 60°C. In addition, in all experiments localized corrosion
was observed after loss of Cl persistency. This implies that this commercial batch CI, when employed for
protection at 60°C with a 10 second contact time, exhibits a persistency window of approximately 3 days
before partial failure that results in local area corrosion.
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Figure 5: Different repeats for batch inhibition persistency experiments (5 repeats) with
commercial inhibitor at 60°C (10s contact time, 1000 rpm, pH 4.45, 1 wt.% NacCl.)

Figure 6 shows the image of the RCE as retrieved and the profilometer surface analysis. The deepest
depth of the pitting corrosion measured was 273 uym (the experiment represented in green line in Figure
5 was run for 9 days and pitting corrosion calculation was done for 6 days after inhibition which equals to
16.6 mm/year (Equation (2)). This means that the ratio of the localized corrosion rate to measured
corrosion rate after the loss of persistency in Equation (3) is 55.3 which is considered as very high
localized corrosion.’® Even when compared to the uninhibited general corrosion rate under the same
environmental conditions, which was measured at 8.2 £ 1.8 mm/year for 60°C, it seems the RCE
specimen has undergone a harsh localized corrosion after loss of persistency.

(mm) __ 273 um 365 days 1mm 6 mm (2)
year T 6 days 1 year 1000 um - " year
localized corrosion rate 16.6
: =22-553 (3)
measured corrosion rate 0.3
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Figure 6: Profilometer analysis (left and bottom) with associated picture of the RCE with severe
localized corrosion after loss of inhibition at 60°C.



To investigate the effects of temperature on this commercial batch ClI, another set of experiments were
conducted at 80°C. Figure 7 shows the results of two different repeats at this temperature. Results
showed that although the inhibition efficiency is high (~99%), the inhibited corrosion rate was close to the
acceptable corrosion rate (assumed to be 4 mil/year or 0.1 mm/year *°).
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Figure 7. Batch inhibition persistency experiments (2 repeats) with commercial inhibitor at 80°C
(10s contact time, 1000 rpm, pH 4.65, 1 wt.% NacCl).

Effect of presence of hydrocarbon

Previous studies have shown that both partitioning and oil wetting of the corrosion test specimen can
affect the corrosion rate and the inhibitor behavior (efficiency & persistency).?%?* As shown in Figure 8,
the hypothesis is that aliphatic hydrocarbon molecules dispersed in the water phase can interact with
inhibitor hydrocarbon tails to enhance the inhibitor performance and persistency time.
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Figure 8: Interaction between inhibitor and oil molecules near the metal surface.

To investigate the impact of a hydrocarbon presence on the commercial batch corrosion inhibitor (Cl),
experiments were conducted involving the introduction of 20 mL of model oil on top of 1780 mL of brine
(Awt.% NacCl). The experimental procedure entailed the initial addition of 1780 mL of brine into the glass
cell, followed by the subsequent introduction of 20 mL of pre-sparged model oil into the system. The
entire solution was continuously flushed with pre-sparged uninhibited brine at 60°C at a rate of 40 ml per
minute. The continuous addition of fresh solution through the oil layer into the glass cell was observed to
entrain and disperse oil droplets into the bulk solution. To counteract the dispersion of hydrocarbon
molecules and the gradual loss of oil due to continuous dilution, model oil was replenished every 24
hours, ensuring the sustained presence of the oil phase until the conclusion of the test. Figure 9 shows



different repeats of the batch inhibition experiments with the presence of hydrocarbon molecules. Results
showed that the presence of hydrocarbon and its subsequent dispersion into the brine phase enhanced
the commercial Cl efficiency and persistency as hypothesized. The loss of persistency observed at 60°C
for about 3 days without oil was not observed in this experiment. In addition, no visual indication of
localized corrosion was observed.
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Figure 9: Two repeats of commercial batch Cl experiments (2 repeats) with presence of model
oil as the hydrocarbon phase (60°C, 10s contact time, 1000 rpm, pH 4.45, 1 wt.% NaCl)

Batch Inhibition experiments using model compound corrosion inhibitors

Experiments with a commercial Cl limit the mechanistic understanding of the process involved in batch
inhibition persistency since the ClI composition is unknown. Therefore, the next step was to test single-
molecule model compound corrosion inhibitors with known structure and composition in these tests as
batch inhibitors, in similar experimental conditions as conducted with the commercial inhibitor. Since
these are model compounds used as inhibitors, the focus of this part of the study was on the
characteristics of the solvents or carriers used to deliver the inhibitor to the metal surface.

Batch inhibition experiments with BDA-C16 using different solvents

The first experiment was conducted with BDA-C16 and isopropanol as solvent, because of the higher
solubility of BDA-16 (15 wit%) in isopropanol. BDA-C16 had also been previously tested as a continuous
type Cl and was shown to mitigate corrosion to 0.1 mm/yr at a concentration as low as 50 ppm,.22 This
inhibitor was, however, not expected to be very persistent as it is considered to be a continuous type CI.
Using the same experimental procedure as the first commercial inhibitor experiment, the specimen was
dipped into the 15 wt.% BDA-C16 in isopropanol for 5 minutes contact time to provide the “excessive
amount of time” for the batch treatment methodology. After conducting the inhibitor film formation
procedure, the uninhibited brine was introduced to the glass cell and electrochemical measurements
were conducted.

Figure 10 shows two repeats of this experiment with 15 wt.% BDA-C16 dissolved in isopropanol and their
associated change in corrosion rate/inhibitor concentration with time. The results show that after
introducing the brine to the glass cell, the residual inhibitor concentration dropped significantly showing
the ability of inhibitor removal in this methodology. It can be observed that the corrosion rate started at



higher value than the baseline inhibited corrosion rate (measured at 0.1 mm/y ??) and increased to
uninhibited value (~4 mm/year) after 50 hours, showing no persistency.
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Figure 10: Batch inhibition persistency experiment with 15 wt.% BDA-C16 in isopropanol (30°C,

5 min contact time, 1000 rpm, pH 4.0, 1 wt.% NaCl).

Since the presence of a hydrocarbon (model oil) had a positive effect on the persistency of the
commercial Cl, the next step was to use it as the solvent or carrier for BDA-C16. The hypothesis behind
these experiments, shown in Figure 8, was that the straight chain hydrocarbon molecules incorporate
with the inhibitor adsorbed layer and enhance the persistency of the inhibitor. Thus, for the next step, the
model oil was used as the solvent for BDA-C16. The specimen was dipped into an inhibitor solution with
7.5 wt.% BDA-C16 in model oil, which is the highest solubility of BDA-C16 in the model oil. Figure 11
shows the results for corrosion rate/inhibitor concentration versus time.
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Figure 11: Batch inhibition persistency experiment with 7.5 wt.% BDA-C16 in model oil (30°C, 5
min contact time, 1000 rpm, pH 4.0, 1 wt.% NacCl).

Results show that, although the initial corrosion rate was again higher than the baseline inhibited
corrosion rate for BDA-C16, the corrosion rate remained low for 2 hours and then gradually increased



over 15 hours to eventually reach the uninhibited value. This suggests that the presence of alkanes in
the system seems to lead to an improved, yet short, persistency (which was not seen with using
isopropanol). Therefore, incorporation of hydrocarbon into the Cl adsorbed layer is hypothesized to cause
a slight improvement in the persistency of this model inhibitor compound.

Batch inhibition experiments with PE-C14 using different solvents

Since the BDA-C16 did not show acceptable persistency in batch treatment, it was proposed that a
phosphate ester model compound inhibitor (PE-C14) be used. PE-C14 previously showed high efficiency
in continuous treatment and exhibited a lower water solubility as compared to BDA-C16.22 The hypothesis
was that PE-C14, if used with a viscous solvent such as alkylphenolethoxylate (AE), should provide both
an excellent initial inhibition and delay the loss of persistency over time because of a combination of high
efficiency and high solvent viscosity. However, PE-C14 has a very low solubility in AE. Therefore, another
solvent that has high solubility for PE-C14 was needed in this “known” inhibitor package. Given the
relatively high solubility of PE-C14 in 2-butoxyethanol (BE), it was postulated that an inhibitor package
composed of PE-C14, AE, and BE would be more suitable for investigating the underlying mechanisms
governing CI persistency during batch treatment. Figure 12 and Figure 13 show the molecular structures
associated with this model compound inhibitor and the two solvents respectively.
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Figure 12: Molecular structures of in-house synthesized tetradecyl phosphate ester (PE-C14)
(73.5% monoester & 25.5% diester).
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Figure 13: Molecular structure of the viscous alkylphenolethoxylate type solvent (top) and 2-
butoxyethanol (bottom).

The influence of each component in the inhibitor package can be assessed, while using a 10 second
contact time for each, by conducting batch inhibition persistency tests with different inhibitor packages
(AE+BE+PE-C14, AE+BE, BE+PE-C14, AE only), as shown in (Figure 14). The short contact time of 10
seconds was used as PE-C14 was shown to have a high efficiency when tested previously as a
continuous CI.2 The concentration of 1.5 wt.% was selected because it represents the maximum
solubility of PE-C14 in the solution containing AE and BE. Maintaining this concentration across all
formulations allowed for a consistent basis of comparison when evaluating different solvents and carriers.

First, PE-C14 was dissolved in BE (1.5 wt.%) to investigate the persistency of PE-C14 in solvent with low
viscosity but high solubility for PE-C14. These results (BE+PE-C14) show that although PE-C14 is highly
soluble in BE, the inhibitor molecules desorbed from the surface as soon as the fresh uninhibited brine



was introduced into the glass cell. This was expected since BE is highly soluble in water and has a low
viscosity.

Before using AE with PE-C14 and BE, experiments were necessary to examine the effects of AE only on
CO. corrosion. These results show that AE has a slight inhibition effect on the corrosion rate, however
the inhibition efficiency and persistency are negligible and can be ignored. For the next step, 1.5 wt.%
PE-C14 was made with 18 mL AE and 3 mL BE. Results with this inhibitor package (AE+BE+PE-C14)
suggest that PE-C14 can be used for further investigation in batch inhibition persistency study when it is
dissolved in viscous solvent that increases the persistency.

To complete the study, the effect of both solvents together without inhibitor was tested (AE+BE). Although
the mixture of viscous AE and BE without inhibitor showed some level of inhibition, inhibition efficiency
and persistency were not as good as the full package.
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Figure 14: Batch inhibition with different Cl packages and PE-C14 (30°C, 10s contact time, 1000
rom, pH 4.00, 1 wt.% NacCl).

Table 3 shows a summary of these experimental results (ClI efficiency and persistency) using the model
compound inhibitor with two known solvents/carriers. Inhibitor efficiency was calculated using Equation

().

Table 3
Summary of inhibition efficiency and persistency for 4 different packages.
Inhibitor package Initial inhibition efficiency Persistency
BE + PE 93.8 % <1 hour
AE (without PE) 87.5% N/A
AE + BE (without PE) 55.8 % N/A

AE + PE + BE 97.6 % 4 hours




CONCLUSIONS

Commercial Cl:

Although the commercial inhibitor had excellent efficiency and persistency at room temperature, it
showed only 3 days persistency at 60°C. In addition, the following conclusions can be taken from these
experiments:

Continuous replenishment of the test fluids is one of the key parameters of the batch inhibition

experiment in the laboratory as it ensures minimum residual of the inhibitor in the bulk similar to

field conditions.

All the observed failures of inhibition at 60°C and loss of persistency resulted in pitting corrosion

of the metal surface.

Presence of a model oil dispersed in the water phase enhanced the persistency of the inhibitor,

which suggests that the incorporation of hydrocarbon molecules (either as the model oil or as a

solvent in the CI package) with the CI film plays a key role in persistency.

Without the presence of hydrocarbon, it can be speculated that the loss of persistency was

associated with:

o breakage of bonds between hydrocarbon (in inhibitor package) and Cl molecules within the
film,

o desorption of Cl molecules at the steel surface.

Model compound CI:

BDA-C16 showed no acceptable persistency in batch treatment. However, using a hydrocarbon
solvent (model oil) slightly increased CI persistency suggesting incorporation of hydrocarbon
molecules with Cl molecules on the specimen.

PE-C14 tested for batch inhibition showed little to no persistency in combination with butoxyethanol
for solubility.
o The use of a high viscosity solvent as a carrier for PE-C14 in combination with BE enhanced CI

persistency by diminishing the inhibitor dissolution rate from the specimen surface.
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