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Introduction

Corrosion is the

This work has evaluated the efficiency of selected volatile corrosion
inhibitors in mitigation of top of line corrosion in wet gas pipeline at
different temperatures. The main challenge of top of line corrosion in
carbon dioxide rich environment is the ability of the volatile corrosion
inhibitor to effectively mitigate corrosion at adverse conditions.
Electrochemical corrosion experiments using potentiodynamic polarization
method were conducted at temperatures of 20 °C, 35 °C and 45 °C to
evaluate the efficiency of dicyclohexylamine and n-methyldiethanolamine
corrosion inhibitors for top of line corrosion inhibition on carbon steel
specimens derived from API X80 natural gas pipelines. The electrolyte
used, was an aqueous solution saturated with carbon dioxide, containing 200
ppm acetic acid and 1% NaCl solution, mimicking the corrosive
environment in wet natural gas transportation. The results obtained show
that the trend of corrosion inhibition efficiency decreased with increasing
temperature such that the efficiency of 39.61%, 34.03% and 13.98% was
achieved with dicyclohexylamine application and the efficiency of 34.53%,
15.30% and 6.26% was achieved with n-methyldiethanolamine at 20 °C, 35
°C and 45 °C respectively. It was observed that dicyclohexylamine behaved
as an anodic inhibitor while n-methyldiethanolamine exhibited cathodic
inhibition behaviour. In conclusion, dicyclohexylamine was an effective
volatile corrosion inhibitor over n-methyldiethanolamine for the selected
steel in CO,-saturated environments at low temperatures below 35 °C.

dioxide and hydrogen compounds that occur
of metal

process
deterioration caused by a chemical or
electrochemical reaction with the
environment. Corrosion in natural gas
pipelines is a result of the presence of some
non-hydrocarbons such as water, carbon
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in line with the hydrocarbons during natural
gas production (Amani and Hjeij 2015, Ituen
and Asuquo 2019). When natural gas flows
through  the  pipelines, these  non-
hydrocarbons condense at top inner part of
pipelines and develop corrosive
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environments. The commonly used pipelines
in the transportation of oil and gas include the
steel grades such as API 5L X70, X80, X60,
X65, X52, and X42 (Ttuen and Asuquo 2019),
these are made of carbon steel due to
metallurgical and economic reasons.

Surface coating remains one of the most
widely employed and effective strategies for
mitigating corrosion in natural gas pipelines
(Kolawole et al. 2018, Nan 2021). However,
as protective coating degrades over time,
recoating becomes necessary part of routine
preventive maintenance. pipelines less,
applying internal coatings to in-service
pipelines possess a significant challenge due
to limited accessibility and operational
constraints (Niu and Cheng 2008).
Consequently, the internal surfaces around
pipeline joints are often left uncoated, making
them particularly vulnerable to corrosion,
which can accelerate structural degradation
and lead to premature pipeline failure (Bai
and Qiang 2014, Wint and Williamson 2014,
Wang 2022).

Internal corrosion in pipelines transporting
hydrocarbons is influenced by multiple
factors, including temperature, the presence
of CO», H,S and water content, flow velocity,
hydrocarbon composition, and the surface
condition of the pipeline materials (Abbas et
al. 2023, Popoola et al. 2013) top of line
corrosion is a result of condensation of acidic
vapours on the internal upper walls of a
horizontal or near horizontal pipeline due to
heat exchange between the pipeline and the
surroundings (Al-Moubaraki and Obot 2021).
When temperature is high, the acidic vapour
is formed and goes to the upper surface of the
pipeline which then condenses as cooling
occurs due to temperature differences
between the inner and outer parts of the
pipeline (Valente Jr et al. 2020). In wet gas
pipelines, high-temperature regions are
located at the pipeline inlet, with temperature
gradually decreasing along the pipeline
length depending on the effectiveness of the
pipeline thermal insulation. According to
Wang (2022), the decrease in temperature
along the pipeline is proportional to a
decrease in the rate of condensation and
hence top-of-line corrosion (Wang 2022).

The TLC is a major concern in the oil and gas
industry due to its typically higher corrosion
rates at the upper sections of the pipelines
compared to the lower sections. This
phenomenon is primarily attributed to the
accumulation of corrosive species such as
water vapour and acid gases at the top of the
pipe, where condensation is more likely to
occur. Among other corrosion inhibition
techniques, volatile corrosion inhibitors have
been used to mitigate top of line corrosion in
gas pipelines because they can be vaporized
and form a protective layer on metal surfaces,
preventing corrosive agents from reaching the
metal (Ramlan et al. 2024).

Corrosion inhibitors impede corrosion

process by forming a protective layer on the
metal surface through absorption of the
molecules of the corrosion inhibitor.
Coordinate bonds are formed when these
molecules donate electrons to the vacant d-
orbital of the metal (Mungwari et al. 2024).
During corrosion process, metal atoms are
oxidized, and their ions are transferred from
the anode in the solution to the cathode. The
cathodic process requires hydrogen ion as an
electron acceptor and oxygen as an oxidizing
agent. Corrosion can be minimized by
impeding the anodic or cathodic reactions
using inhibitors whose molecules can be
absorbed on the surface. The inhibitors
interact with cathodic, anodic, or both sites
and decrease the reduction, oxidation, or both
corrosive reactions that are taking place on
the metal surface (Abbas et al. 2023).
The recent published article by Zankana et al.
(2023) conducted a comparative study of
corrosion inhibitors named novel nitrogen
doped carbon dots, imidazole-citric acid-
based carbon dots and novel N-doped carbon
dots on Q235 carbon steel using different
techniques (Zankana et al. 2023). The
techniques involved were Scanning probe
microscope, transmission electron
microscopy and X-ray photoelectron
spectroscopy to investigate the chemical
composition of the adsorbed surface.

Eslami and Singer (2023) investigated the
injection of the volatile corrosion inhibitor
into pipelines. The volatile corrosion inhibitor
was introduced into a system comprising two
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interconnected glass cells to simulate the
pipeline environment. The findings indicated
that the phase of volatile corrosion inhibitor
injection, whether gas or liquid, does not
affect the inhibition efficiency.

Research on amine-based volatile corrosion
inhibitors, particularly for mitigating top-of-
line corrosion in carbon steel pipelines within
the oil and gas industry, remains limited
(Belarbi et al. 2016, Gunasekarana et al.
2016, Ramlan et al. 2024, Al-Moubaraki and
Obot 2025). N-methyldiethanolamine is
commonly employed corrosion inhibitor with
other film forming corrosion inhibitor as part
of a corrosion control program to go
alongside to inhibit hydrate formation in gas
pipelines (Alef and Barifcani 2020). Also,
dicyclohexylamine which is also a common
volatile corrosion inhibitor has been studied
in its salt form of dicyclohexylamine nitrite
(Khamis et al. 2001, Cano et al. 2005) and in
a mixture with another amine as reported by
Jevremovic et al. (2012)

In this work, electrochemical corrosion
experiments to determine the efficiency of
two amine-based volatile corrosion inhibitors,
which are dicyclohexylamine and n-
methyldiethanolamine were carried out to
API X80 carbon steel from a natural gas

pipeline. Temperature which has been studied
by Konovalova (2020) as a key parameter for
corrosion inhibitors evaluation in API 5L
X60 carbon steel was used as a variable
parameter for this work. The electrolyte
(corrosion medium) was aqueous solution
saturated with carbon dioxide containing 200
ppm acetic acid and 1% NaCl, which mimic
the corrosive environment in wet natural gas
transportation. The findings in this work were
useful to suggest the best inhibitor and its
suitable operating conditions.
Materials and Methods
Materials

All chemicals used in this work were
purchased from Thermo Scientific, UK
including dicyclohexylamine (=99 %), N-
methyl diethanolamine (> 98%), analytical
sodium chloride, and acetic acid glacial (>
99%), and ethanol (=99%), Other materials
include API X80 carbon steel specimens
derived from a gas pipeline material and used
as  working  electrode, with their
specifications given in Table 1, silicon
carbide papers, and commercial carbon
dioxide gas cylinder (=99%), supreme
polycrystalline diamond suspension.

Table 1: Chemical composition of the API X80 carbon steel pipeline used for transportation

of natural gas (mass fraction: %)

Element |C Si Mn P S Cr Ni \Y Nb Ti Mo Fe
Wt. (%) [0.04 |0.21 ]1.75 |<0.012 |<0.003 |0.02 ]0.16 [0.04 [0.06 |0.01 |0.11 [97.59
"
- hl S
o HO. o~ . OH
(T 1) o
e - ™ |
1 2
Figure 1: The structures of dicyclohexylamine (1) and n-methyldiethanolamine (2)

volatile corrosion inhibitors

Preparation and analysis of the working
electrode

The working electrode was obtained from
carbon steel API X80 material which is
commonly used for large-diameter pipelines
between 24 and 36 inches for transportation
of wet natural gas. Circular specimens were
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prepared in the laboratory with an average
diameter of 11.2 mm and thickness of 3.53
mm and modified to fit in the sample holder
of the corrosion cell. All specimens were
properly polished to different surface
properties using silicon carbide papers of
various grit sizes (120, 180, 220, 320 and
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500) and MasterTex polishing cloth of
MetaDi-supreme polycrystalline diamond
suspension of 9 pm and 3 pm and 0.05 pm in
an Ecomet 250 Beuhler grinder/polisher
machine to mirror surface because the
smooth surface deteriorates slower than the
rough surface (Afsa 2011). Each specimen
was polished for 4 minutes in a particular
abrasive paper using an Ecomet 250 Beuhler
grinding/polishing machine and rinsed with
ethanol. The specimen’s surface was further
analysed using the Gemini SEM 300 model
scanning electron microscope coupled with
an energy dispersive spectroscope.
Deposition of volatile corrosion inhibitor
The experimental setup for wvolatile
corrosion inhibitor deposition on the
specimen surface was adapted from Skinner’s
test with few modifications (Hong-jing et al.
2005). The experimental setup shown in
Figure 2 was devised for the evaluation of
volatile corrosion inhibitor on an API X80
carbon steel specimen wunder variable
conditions of temperature and constant
concentration of the corrosion medium.
About 20 mL of volatile corrosion inhibitor

Thermostat

was placed in a 100 mL conical flask. In the
setups, one side polished rectangular metal
specimen of 11.2 mm X 3.53 mm was level
mounted at the top of the flask fixed in a
stopper with the specimen surface to be
analysed facing the bottom of the flask with
the volatile corrosion inhibitor at the bottom.
The conical flask with the volatile corrosion
inhibitor was inserted in a beaker with water
to act as a water bath. The thermostat was
inserted inside the beaker with water to
control the temperature of the heat transferred
in the flask with volatile corrosion inhibitor.
Then the wvolatile corrosion inhibitor
deposition experiment was subjected to
heating at a constant temperature of 60 °C for
12 h to allow the volatile corrosion inhibitor
to vaporize and get deposited on the surface
of the metal specimen at the top of the flask.
Then the heating device was switched off and
the specimen was carefully handled and
transferred to corrosion cell sample holder
and subjected to an electrochemical corrosion
test in an acidic medium.

Rubber plug

Specimen to be protected from

corrosion

+— Beaker

Conical flask

Volatile corrosion inhibitor

k—— Hot plate

Figure 2:

A schematic diagram of the experimental set-up for volatile corrosion inhibitor

deposition on the working electrode surface under controlled temperature in a

water bath
Electrochemical corrosion tests
The electrochemical corrosion tests were
conducted at  different  experimental

conditions in a three electrodes corrosion cell
with a capacity of 1100 mL. Two commercial
volatile corrosion inhibitors,

723



Tanz. J. Sci. Vol. 51(3) 2025

dicyclohexylamine and n-
methyldiethanolamine ~were used. The
electrochemical corrosion measurements

were carried out using a three-electrode
system connected to the EG&G Princeton
Applied Research Model 263A
Potentiostat/Galvanostat. The electrodes were
the X80 carbon steel specimens as the
working electrode, the saturated calomel
plugged to the cell externally via a Luggin
capillary tube as reference electrode, and two
carbon rods counter-electrode. The water
bath, during corrosion tests, was cushioned
by using plastic balls to reduce heat loss to
the  environment, hence  maintaining
temperature of the corrosion medium
constant. Before the test, CO, gas was purged
in a cell corrosion medium for about 45
minutes to ensure the corrosion medium was
saturated with CO, gas while the pH ranged 2
— 3. Then the sample holder with a specimen
was fixed at the middle of the corrosion cell
closer to a reference electrode.

315Wi

corr

nF p 1)

CR=

The potentiodynamic measurements were
performed anodically from E = -250 mV to E
= +250 mV against standard calomel
electrode, at a scan rate of 0.1667 mV/s.
Initially, the open circuit potential was
allowed to stabilize for about 45 minutes. The
polarisation curves analysed and the linear
regions of the Tafel plots, cathodic and
anodic curves were manually fitted to obtain
corrosion parameters such as corrosion
potential (Ecor), corrosion current density
(icorr), Tafel slopes (S: and f.). The obtained
polarization curves and electrochemical
parameters for different tests were used to
compare the efficiency of each volatile
corrosion inhibitor with respect to the
conditions of the experiment.

Corrosion rates were calculated by
assuming a uniform corrosion that anodic and
cathodic reactions take place all over the
electrode surface using Equation (1).

where i is corrosion current density (nA/cm™), W is atomic mass of the metal (g-mol™), P
(= 7.86 g-cm™) is density of the metal, and F (= 96,485 C.mol™) is the Faraday constant and

CR is corrosion rate in mmpy (mm per year).

The corrosion inhibition efficiency ( IE ) was calculated using Equation 2.

L —i
IE:MXIOO

lcorr )

l I
where C0IT and corr are the corrosion current density for specimens without and with volatile

corrosion inhibitor and, respectively.

Results and Discussion
Analysis of the API X80 carbon steel
working electrodes

The surface property of the material is
essential for effectiveness of a corrosion
inhibitor. Volatile corrosion inhibitors are
most effective on a uniform and clean metal
surface. Non-uniform surface morphology
can hinder the even adsorption of volatile
corrosion inhibitors, thereby compromise
protective film formation and increase
susceptibility to localized corrosion. The

surface of the corrosion coupon was
examined before deposition of the volatile
corrosion inhibitor and the corrosion test. The
scanning electron microscope image of the
polished specimen surface with some minor
micron-sized inclusions before corrosion test
is shown in Figure 3(a), with the
corresponding energy dispersive spectrum.
The energy dispersive spectra are shown in
Figure 3(b) and spectrum 4 in Figure 3(c).
Energy dispersive  Spectrum 3 was
undertaken away from the inclusions, while
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spectrum 4 was captured within an inclusion.
The energy dispersive spectrum in Figure
3(b) revealed element composition (wt.%): Si
(0.27); Mn (1.46); Mo (0.27), C (0.277), and
Fe (97.7), while the elemental composition
(wWt.%) within the inclusion (Figure 3(c))
were found to be O (39.27), Mg (18.78), Al
(10.04), Si (0.05), S (9.39), Ca (17.09), and
Fe (5.38). Elevated levels of magnesium,
aluminium, calcium and oxygen in energy
dispersive spectrum signify the existence of
these metals. The presence of inclusions in
carbon steel results from the incorporation of
micro-alloying components during the

production process to enhance mechanical
properties and corrosion resistance (Xue and
Cheng 2011). Studies have shown that these
inclusions can facilitate pitting corrosion by
serving as initiation sites for corrosion
(Yonova et al. 2007). It is therefore likely that
the corrosion rates result in this work may be
somehow altered by the presence of
magnesium, aluminium and calcium oxide
metal inclusions which have been found at
elevated levels compared to aluminium oxide
inclusions.
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Figure 3: Scanning electron microscope - energy dispersive spectroscope analysis of the
polished specimen surface (a) Scanning electron micrograph of a polished
corrosion coupon before corrosion test, (b) Scanning electron spectrum at location
labelled Spectrum 3 in scanning electron microscope image, away from inclusion,
and (c) the scanning electron spectrum at location labelled Spectrum 4 in the
scanning electron microscope image within an inclusion.
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The effect of temperature on the corrosion
of uninhibited API X80 carbon steel

The potentiodynamic polarization curves
obtained from uninhibited API X80 carbon
steel specimens at different temperatures are
presented in Figure 4. Generally, increase in
temperature from 20 °C to 45 °C resulted in
the anodic shift of the corrosion potential
with more negative corrosion potential at 45
°C and decreases gradually to less negative
potential at 20 °C. This indicates that

corrosion rates increase with temperature,
consistent with the thermally accelerated
kinetics of both anodic and cathodic
reactions. The electrochemical parameters
obtained from Figure 4 by extrapolation of
Tafel lines are presented in Table 2. The
parameters reported in this work correspond
to the results reported by Shahzad et al
(2020) on X120 carbon steel in saturated
carbon dioxide without corrosion inhibitor on
the surface.

2T
I Lo
& 3 C \\ //
§ I oS, o
ERa \ /
5T I
— C at 20 -
o °C -
6T |
_7 C 1 I 1 1 1 1 1 1 1 1 I
-0.5 0

Potential (V vs SCE)

Figure 4:

Polarization curves for API X80 carbon steel specimens recorded after 2 hours

exposure in CO, saturated, 1% NaCl, 200 ppm acetic acid electrolyte on
uninhibited specimen, at different temperatures

From Table 2, it is observed that || and 8.
increased slightly with the increase in
temperature. This is an indication that
increase in temperature affect both anodic
and cathodic processes. It is observed from
this table that, as expected, corrosion current
density  increased with increase in
temperature, and consequently the corrosion
rate.

The effect of temperature on inhibited and
uninhibited API X80 carbon steel
specimens at 20 °C

The results obtained from corrosion
experiments on inhibited specimens were
evaluated against uninhibited specimens to
determine the efficiency of the corrosion
inhibitors at 20 °C as indicated in Figure 5.
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specimens, recorded at 20 °C and specimens exposed in CO, saturated
electrolyte containing 200 ppm acetic acid and 1% NaCl. MDEA = n-
methyldiethanolamine, DCHA = dicyclohexylamine

From Figure 5, it is observed that the
dicyclohexylamine and n-
methyldiethanolamine deposition on API
X80 carbon steel specimens affected both
anodic and cathodic polarization curves.
Corrosion tests with dicyclohexylamine
inhibitor exhibited better corrosion efficiency
with less negative corrosion potential as well
as less corrosion rate compared to the curves
with n-methyldiethanolamine and uninhibited
specimens. This  confirms  successful
adsorption of the inhibitor molecules on the
carbon steel surfaces. At 20 °C, the presence
of dicyclohexylamine on the metal surface
caused the E., to shift anodically, with
dicyclohexylamine being more effective,
while n-methyldiethanolamine caused the
Ecor to shift cathodically. The shifts of Ec.-
might be attributed by the difference in
chemical structures of dicyclohexylamine and
n-methyldiethanolamine as illustrated in
Figure 1. Dicyclohexylamine is a water
insoluble inhibitor and a surface-active agent
(Jevremovic et al. 2012). This state hinders
easily detachment of dicyclohexylamine from
the specimen surface, hence slows down the
corrosion rate. The inclusion of polar

hydroxyl groups at both ends of n-
methyldiethanolamine enhances its solubility
in water by facilitating hydrogen bond
formation with water molecules, so allowing
it to be readily removed from the specimen’s
surface (Tong et al. 2023). The corrosion
inhibition efficiencies of the volatile
corrosion inhibitors in Table 2 were
calculated by wusing Equation (2). The
efficiency of dicyclohexylamine is significant
and it reflects the positive potential shift in
the polarization curve. At 20 °C the corrosion
rate of the carbon steel was reduced from
0.84 mmpy to 0.54 mmpy corresponding to
39.61% which is a significant reduction. With
n-methyldiethanolamine the corrosion rate
was reduced from 0.84 mmpy to 0.56 mmpy
corresponding to 34.53% slightly lower than
with dicyclohexylamine. In the literature
however, at 20 °C and 50 ppm of
dicyclohexylamine added with oleyamine in
CO; saturated environment and 3% NaCl, the
efficiency of 44% was reported (Jevremovic
et al. 2012). These results indicate similar
range of performance of the
dicyclohexylamine.
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Table 2: Electrochemical parameters obtained from the linear fit of Tafel plots, along
with calculated corrosion rates and inhibition efficiencies for inhibited and
uninhibited carbon steel API X80 specimens, exposed to a CO»-saturated 1%
NaCl solution, 200 ppm acetic acid electrolyte at 20 °C, 35°C and 45 °C.
B Ba Econ Lcorr CR IE (%)
(mV/ (mV/ (mV vs (SCE) |(pA cm?) | (mmpy)
decade) decade)
20 °C
Uninhibited -96.60 70.98 -209.31 73.56 0.84 -
With DCHA -103.76 83.72 -222.56 44.42 | 0.5390 | 39.61
With MDEA -101.38 75.00 -237.73 48.16 | 0.5573 | 34.53
35°C
Uninhibited -119.95 98.45 -226.08 171.63 | 1.116 -
With DCHA -162.96 138.84 -228.00 113.22 1.29 | 34.03
With MDEA -109.23 84.08 -260.27 148.86 | 1.400 | 15.30
45°C
Uninhibited -114.17 81.60 -265.52 97.72 1.96 -
With DCHA -103.87 115.75 -224.12 84.06 1.686 | 13.98
With MDEA -106.45 105.43 -256.73 91.60 1.84 6.26

DCHA = dicyclohexylamine, MDEA = n-methyldiethanolamine, VCI = volatile corrosion

inhibitor

The results in Table 2 indicate that at 20
°C, the presence of inhibitors increased both |
B and f., implying that the inhibitors
influenced both cathodic and anodic
processes. With dicyclohexylamine being
more effective, the corrosion potential, Econ,
shifted anodically towards more positive
potential. In inhibited specimens, the
corrosion current density decreased and so is
the corrosion rate. The dicyclohexylamine
has higher corrosion inhibition -efficiency
than n-methyldiethanolamine.

The effect of temperature on inhibited and
uninhibited specimens of API X80 carbon
steel specimens at 35 °C

The polarisation curves results obtained
when the corrosion tests were carried at
elevated temperature of 35 °C have almost
similar trend with those obtained at 20 °C as
illustrated in Figure 6. The potentials in all

three curves are more negative than the
potentials obtained at 20 °C indicating
accelerated corrosion process with increasing
temperature. This is also reflected in the
decreased corrosion inhibition efficiency
which was the direct effect of the significant
increasing of corrosion current density.
Dicyclohexylamine  exhibited corrosion
inhibition efficiency of 34.03 % while n-
methyldiethanolamine’s  efficiency = was
reduced to 15.30 % which is almost half of
the efficiency obtained at 20 °C. This is an
indication that n-methyldiethanolamine is
less effective corrosion inhibitor at elevated
temperature, whereas dicyclohexylamine
efficiency was close to the efficiency
obtained at 20 °C. This implies that the
strength of the corrosion protective film of
dicyclohexylamine at 35 °C was not affected
with the increase in temperature.
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Figure 6:

Tafel polarization curves for inhibited and uninhibited API X80 carbon steel

specimens, recorded at 35°C and specimens exposed in CO, saturated
electrolyte containing 200 ppm acetic acid and 1% NaCl. DCHA =
dicyclohexylamine, MDEA = n-methyldiethanolamine

The results in Table 2 show that the
presence of inhibitors raised f3, and decreased
|B| values. With n-methyldiethanolamine on
the surface of the working electrode, the
corrosion potential, Ecn, shifted to the
cathodic side while with dicyclohexylamine
the Econ, shifted anodically.

The effect of temperature on the corrosion
of inhibited and uninhibited AP X80
carbon steel specimens at 45 °C

Tafel polarization curves obtained at 45 °C
for inhibited and uninhibited the carbon steel
API X80 specimens exposed in the same
electrolyte are illustrated in Figure 7. The
presence of dicyclohexylamine on the surface
caused the open circuit potential to shift
anodically, whereas n-methyldiethanolamine
caused the open circuit potential to shift

cathodically relative to polarisation curve of
uninhibited specimen. At 45 °C the corrosion
inhibition efficiencies for both inhibitors
were significantly small. Dicyclohexylamine
which exhibited a significant corrosion
inhibition efficiency at 20 °C and 35 °C,
exhibited corrosion inhibition efficiency of
13.98 % at 45 °C. On the other hand, n-
methyldiethanolamine exhibited a corrosion
inhibition efficiency of 6.26% which means
at higher temperatures, the inhibitor
protective film on the surface of the corrosion
specimen could not provide inhibition. At
elevated temperatures, the adsorption of
volatile corrosion inhibitors onto the metal
surface can be weakened, further reducing
their protective action (Focke et al. 2013).
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Tafel polarization curves for API X80 carbon steel specimens without and with

volatile corrosion inhibitors on the surface, recorded at 45°C and specimens
exposed in CO, saturated electrolyte containing 200 ppm acetic acid and 1%
NaCl. MDEA = n-methyldiethanolamine, DCHA = dicyclohexylamine

Figure 7:
Conclusion
The results obtained from corrosion
inhibition efficiency study of
dicyclohexylamine and n-

methyldiethanolamine on the selected carbon
steel in aqueous CO--saturated solutions
containing 200 ppm acetic acid and 1% NaCl,
have provided significant insights into their
performance under varying temperature
conditions. The findings revealed that
dicyclohexylamine behaved as an anodic
inhibitor =~ while  n-methyldiethanolamine
exhibited cathodic inhibition behaviour. This
might be attributed by their difference in
chemical structures which also affect their
adsorption and hence the strength of the
protective film on the metal surface.
Dicyclohexylamine consistently
demonstrated superior performance across all
tested conditions over n-
methyldiethanolamine. However, with
increasing  temperature the  corrosion
inhibition efficiencies of both inhibitors were
dramatically reduced. The trend of corrosion
inhibition  efficiency  decreased  with
increasing temperature such that the
corrosion inhibition efficiencies of 39.61%,

34.03% and 13.98% upon dicyclohexylamine
application and 34.53%, 15.30% and 6.26%
with n-methyldiethanolamine were achieved
at 20 °C, 35 °C and 45 °C respectively. This
indicates there still a need for thermally
stable volatile corrosion inhibitors capable of
maintaining high inhibition efficiency under
elevated temperature conditions in gas
pipelines.
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