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Abstract

Nowadays the problem of combating internal corrosion is acute at gas facilities under the
conditions of hydrocarbons production and transportation in the presence of aggressive CO..
The article examines the main conditions for the carbon dioxide corrosion occurrence of in a
gas pipeline. They differ significantly from the conditions of oil fields by the degree of filling
of the pipe space with the liquid phase and the aggregate state of the main produced fluids.
These differences affect corrosion manifestations. Thus, it requires a special consideration and
approach to modelling corrosion tests specifically for gas pipeline conditions. The study of
corrosion processes that occur during gas transportation in the presence of a liquid phase through
the gas pipeline served as the basis for the development of two corrosion stands. They allow to
exercise simulation tests under carbon dioxide corrosion conditions characteristic of the main
gas fields of the Russian Federation. While using stands, the most intense corrosion effects were
reproduced corresponding to the parameters and modes of movement of gas—liquid media:
liquid flow loop and variable wetting of the gas pipeline wall, which lead to the prevention or
destruction of films of corrosion products and the formation of general and local corrosion
damage on steel. The ability to reproduce the nature of the movement of the liquid phase,
thermobaric conditions and the chemical composition of water on both corrosion stands,
corresponding to real conditions, makes it possible to simulate in the laboratory the dynamic
corrosion effects inside the gas pipeline of untreated gas production and transport facilities. The
main parameters affecting internal carbon dioxide corrosion are set and regulated in the test
stands: temperature, partial pressure of carbon dioxide, mineral composition of the aqueous
phase, dynamic conditions for the transfer of liquid phase flow through the pipeline. The
analysis of corrosion products obtained after experiment using electron scanning microscopy
and X-ray diffraction methods made it possible to study the influence of corrosion conditions
on the morphology of their formation. It has been stated that to solve the problems of emulsion
formation in the presence of corrosion inhibitors, either increasing the temperature or using
demulsifiers is worth using. A study of the technology for using inhibitors showed that not all
reagents have maintaining film-forming properties over time in the absence of constant dosing.
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Introduction

The development of potentially productive gas fields is often associated with the fact that
gas extraction is complicated by carbon dioxide corrosion (CDC) [1]. An increased
concentration of corrosive carbon dioxide (CO,) in produced fluids leads to serious possible
corrosion on steel infrastructure facilities. In the presence of an aqueous phase, this fact can
lead to intensive development of internal CDC [2—-4]. The formation of dangerous local
defects characteristic of CDC leads to the need for the rapid development of methods for
controlling the risk of internal corrosion [5, 6] and protection against it [7, 8]. Under these
circumstances, the rational choice of methods for the hazard of CDC assessment in
conditions of production and pipeline transport of CO,-containing gas becomes particularly
important.

Prior to the commissioning of gas production facilities under such conditions, corrosion
research was mainly devoted to oilfield environments, including the development of testing
steels and inhibitors methods for protection against internal corrosion [9, 10].

It should be noted that the operating conditions of oil and gas facilities differ in the
aggregate state of the main produced fluids: oil and gas/gas condensate. Accordingly,
corrosion manifestations during the operation of field pipelines will differ. As it was shown
earlier [11], a dangerous process of internal corrosion that occurs specifically on gas
pipelines is the localization of corrosion in the upper part of the pipe during moisture
condensation (TOL corrosion), which will then accumulate and move further along the lower
generatrix of the pipe. Though the conditions with TOL corrosion inside gas pipelines in the
presence of CO, have been modeled and studied to a certain extent [11, 12], the corrosion
tests in other aggressive conditions arising during gas transport have been studied to a much
less degree. Such conditions arise during the flow and contact of the aqueous medium with
the pipe wall along its lower generatrix.

In this regard, the article arouses the issues of modeling corrosion (corrosion tests)
during the flow of liquid through a gas pipeline, when it occupies only a small part of the
internal space of the pipe.

Experimental

To perform simulation tests under conditions of transportation of corrosive gas, 2 test stands
were investigated by Gazprom VNIIGAZ LLC (Figure 1). Tests at Stand 1 (Figure 1a) were
carried out on samples made of carbon St20 and low-alloy (09Mn2Si) steels at temperatures
(T) +40...+60°C for a time interval (t) from 120 to 720 hours with the creation of excess
partial pressure of CO, (P(COy)). Multicomponent models of condensation and formation
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waters with a total mineralization of 1 and 11 g/dm?, respectively, were used as the aqueous
phase.

Tests at Stand 2 (Figure 1b) were carried out on samples made of carbon steels (X65
and St20) at T=22+2°C and constant CO, bubbling of model agueous media (2.5% NacCl
and 1 g/dm® NaHCQO3), simulating reservoir solutions and condensation water, respectively.
Test duration is 14 days.

The most significant alloying elements of all the steels are:

— St20 steel: C (0.1731 wt.%), Mn (0.4326 wt.%), Si (0.0664 wt.%), S (0.0150 wt.%),
P (0.0157 wt.%), Ni (0.0224 wt.%) and Cr (0.0346 wt.%);

— 09Mn2Si steel: C (0.0831 wt.%), Mn (1.5296 wt.%), Si (0.5391 wt.%), S (0.0379
wt.%), P (0.0197 wt.%), Ni (0.0774 wt.%) and Cr (0.1460 wt.%).

— X65 steel: C (0.0579 wt.%), Mn (1.5440 wt.%), Si (0.3634 wt.%), S (0.0020 wt.%),
P (0.0078 wt.%), Ni (0.2419 wt.%) and Cr (0.0306 wt.%).

Estimation based on the results of simulation tests of the general (uniform) corrosion
rate Kgen Was carried out based on the weight loss of the sample. Additionally, the rate of
pitting (local) corrosion was determined — by the depth of corrosion damage, by the value
of average Ko (by averaging the obtained values).

The morphology of precipitation was studied using scanning electron microscopy
(SEM) and X-ray diffraction (XRD).

Result and Discussion

Different types of corrosion can occur on pipelines [4, 5, 15], the modeling of which requires
correct selection and appropriate simulation tests. Among the corrosion-hazardous
parameters that have a significant impact on the flow of CDC, one can highlight the presence
of the aqueous phase and its mineral composition [16, 17], the temperature of the medium
[18] and the partial pressure of CO, [19, 20].

Let’s point out that one of the most common methods of corrosion testing is the bubble
test, which simulates the static conditions of accumulation and prolonged contact of the gas
pipeline wall with a liquid when a corrosive gas is bubbled through it with a medium [10].
The studies which were carried out by using this method show (Table 1) that under CDC
conditions, already at 20°C the value of Ky, St20 steel is 0.53—0.65 mm/year. The change
in T (up to 40°C) leads to a twofold increase in Kge,. The further increase in T (up to 60°C)
does not affect the corrosive activity of models and condensation and formation water, which
Is apparently due to the formation at T=40-60°C precipitation of corrosion products having
the same functional characteristics.
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Figure 1. View of corrosion stands simulating the following conditions: a — variable wetting

[13]; b — corrosion flow loop [14].

Table 1. Corrosion rates of St20 steel after testing using the bubble test method when bubbling aqueous

solutions by CO (test duration is 6 hours).

Mineralization, g/dm? T,°C Kgen, mm/year
20 0.65
1 40 1.47
60 1.48
20 0.53
11 40 1.13
60 1.15

As is known [20—24] the additional factor accelerating the occurrence of internal
corrosion, including local corrosion is the dynamic movement of the medium through the
pipeline system, which should also be reproduced while modelling corrosion tests. In this
regard, to assess the corrosivity of the liquid flow moving along the lower part of the pipe
inside the gas pipeline, we conducted a study of possible options for the development of
internal corrosion in such cases (Figure 2). Such exposure to moving fluid will lead to a
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general corrosion loss of pipe wall thickness at the point of its contact with water, or so-
called “6-hour” corrosion (Figure 2a,b). For these conditions, Stand 2 (corrosion flow loop)
was created with liquid circulation and CO; bubbling (Figure 1b) [14]. Such conditions will
arise inside the pipeline, for example, in the later stages of operation of a gas facility, with
high liquid flow rates, or with uneven discharge of formation water. The remaining cases in
Figure 2 can be considered as variations of conditions, depending on the amount of the liquid
phase and the nature of its movement along the lower generatrix of the pipe space. One of
the special cases that can cause significant thinning of the pipeline is “grooving corrosion”
(Figure 2c,d). If the corrosion products formed during the CDC process have a non-
continuous/porous structure, the corrosive components can penetrate through them, causing
the further destructive processes, especially at low flow rates of the medium, for example,
in low sections of a gas pipeline or in dead-end areas of the pipe. Such CDC conditions can
be called corrosion under precipitation (Figure 2e,f).

Corrosive destruction of the gas pipeline is facilitated by variable wetting of the pipe
wall with liquid, leading to the so-called “meniscus” corrosion (Figure 2g,h). This variable
nature of the presence or absence of contact of the inner steel surface with the aqueous phase
can cause intense flow of the CDC with thinning of the gas pipeline wall. To simulate the
intermittent flow of a liquid medium (with alternating wetting/non-wetting of steel), a
corrosion Stand 1 is used (Figure 1a) [13].

Tests during liquid circulation on a corrosion stand [13], shown in Figure 1b, have
shown that at a flow rate of condensation (1 g/dm® NaHCOs3) and formation (2.5% NaCl)
water models from 1.5 up to 2.0 m/s value of Kg,=1.00—1.18 mm/year (Table 2). When
the speed of the medium flow increases to 5 m/s, the increase in the speed of the CDC occurs
no higher than 1.5 times.

Table 2. Results of tests on a Stand 2 (corrosion flow loop) in an aqueous solution bubbled with CO,.

Flow speed, Kgen,

View of sample after test SEM image of Precipitation
m/s mm/year
1.5 1.00-1.03
2.0 1.07-1.18

5.0 1.40-1.51
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Figure 2. Schematic drawing (a, ¢, e, g) and photograph (b, d, f, h) of possible processes for
the development of internal corrosion along the lower part of the pipe: general 6-hour
corrosion (a, b), crevice (grooving) corrosion (c, d), corrosion under deposits (e, f) and

corrosion in the zone of variable wetting (g, h).
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Figure 3. Experimental diffraction patterns of Precipitation (Legend: * — steel; X — peak of
low-background substrate).

According to XRD analysis of precipitation on samples after experiment, diffraction
peaks are present in the diffraction pattern, which indicates the presence of phases with a
crystalline structure in the sample (Figure 3). The main peak in the diffraction pattern
belongs to steel (Fe).

All other peaks present in the diffraction pattern (Figure 3) have insignificant intensity
and a wide profile, which may indicate both the non-stoichiometric composition of the
phases and the small size of the formed particles. Because of low intensity of the peaks and
their wide profile, it is impossible to reliably determine the phase composition of the formed
products. This may mean a non-stoichiometric or variable composition of the deposits
formed on the surface of the samples after testing on corrosion Stand 2 under conditions of
constant circulation of an aqueous electrolyte and CO, blowing. From the peak positions
shown in Figure 3 that could not be identified, it can be assumed that the peak in the 2.1 A
region belongs to copper (Cu); peaks with positions 3.1 A, 2.8 A, 1.9 A — lead oxide (PbO).
In this regard, we carried out an additional analysis of precipitation using the SEM method.
The obtained SEM images are presented in Table 2. A study of the structure of corrosion
products obtained when liquid moves at a speed of 1.5-2.0 m/s shows that the sample
consists of large fractions of particles. The fractions themselves differ in microstructure.
Moreover, some of them are presented in the form of small particles, which can be collected
into larger ones, forming a tight connection. And others have the appearance of a
monolithically fused fleecy formation. The morphology of the precipitation has pronounced
light and dark areas, which indicates an uneven distribution of elements. Analysis of the
composition showed that the main elements in this precipitation are the following (content,
wt.%): Fe (22.71-64.10), O (9.36—-14.77), Cu (13.30-41.50), Pb (0.00-18.49).

Another precipitation, formed at a higher flow rate of the liquid phase (up to 5.0 m/s),
iIs a fine powder with fractions of various sizes and shapes (Table 2). Morphological
examination showed that various areas of contrast were present. This indicates the
unevenness of the chemical composition of particle fractions. According to the elemental
analysis of SEM data, the content of the main elements in this precipitation is in the
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following ranges (wt.%): Fe (5.49-50.53), O (4.15-30.95), Cu (0.00-50.31), Pb (0.00-
51.83).

The presence of trace amounts of Ni, Mn, Ti, Si and S was found in both precipitation,
which could have entered the precipitation from steel alloying additives during its
dissolution during the CDC process.

The SEM data confirm the results of XRD analysis of both precipitations. However,
constant circulation of liquid in the corrosion Stand 2 supposedly prevents the formation and
crystallization of corrosion products on steel. Flow corrosion loop tests simulate thinning of
the pipeline wall and lead to increased Kge, Values [25-27].

It is important to select correctly the time of corrosion tests to obtain, under model
conditions, the results of steel destruction characteristic of the operating conditions of the
gas pipeline. According to the results of preliminary tests on a corrosion stand [13] under
conditions of variable wetting of steel at T +40...+60°C, after 120 hours small
discontinuities are observed on the surface of the film of corrosion products (Figure 4).

120
hours

330
hours

720
hours

e

Figure 4. Photos of the view of St20 steel samples after different time of tests using corrosion
stand [13] in different environments: a, ¢, e — with corrosion products; b, d, f — without
corrosion products.
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After t=330 hours, traces of corrosion manifestations (mainly of a general nature) are
visible under the deposits by reason of influence of periodic wetting of the liquid on steel
samples. At the end of the experiment (t=720 hours), peelings are recorded in the film of
CDC products, which arose already in the second half of the experiment on a corrosion
Stand 1 [13] under the variable influence of an aqueous environment on steel (Figure 4).
These are the right places where the iron carbonate (FeCOs) film is chipped and local
manifestations of CDC subsequently occur in the form of corrosion ulcers and pitting.

As our tests using bubble test method in an aqueous environment with low
mineralization of 1 g/dm?® on 09Mn2Si steel at T=20°C showed (Figure 5), over time, a film
of corrosion products gradually forms and changes in color (from light gray to dark gray).
After 240 hours the resulting siderite still retains its continuity. However, at the end of the
tests (after 720 hours), cracking and removal of a layer of precipitation from part of the
surface of the steel sample are observed (Figure 5). Despite the fact that with the formation
of a film of corrosion products, stabilization and a decrease in the rate of general corrosion
of gravimetric samples occurs from 0.5 to 0.2 mm/year with an increase in T from 96 to
720 hours [28], peeling of the iron carbonate layer occurs.

0 hours 96 hours 240 hours 720 hours

Figure 5. Photo of the view of 09Mn2Si steel samples after different 7 tests using the bubble
test method in an aqueous environment with a mineralization of 1 g/dm®.

According to both test methods (variable wetting and bubble test), after 720 hours of
corrosion testing, destruction and removal of corrosion products occurs. Effects similar to
ours under conditions of exposure to aggressive CO, were also observed by the authors of
[29], who reported cracking and peeling of the siderite layer from the surface of low-alloy
steel.

It is known [30, 31] that corrosion products formed on steel play a significant role in
the CDC process. The precipitation of CDC products in the form of siderite (FeCO3) can
either have certain protective characteristics or be discontinuous and porous [32, 33].
However, it is proved [34—36] that during the course of CDC, siderite precipitation of non-
stoichiometric composition can form (Ca,Mg,Mn,Fe)COs. This is due to the fact that
isomorphism appears in the crystal structure of siderite (a change in the chemical
composition of the phase while maintaining its crystal structure), in which some of the iron
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ions in stoichiometric FeCOj3 can be partially replaced by other ions (manganese, calcium
and/or magnesium). Type (Ca,Mg,Mn,Fe)CO; compounds formed as a result of
isomorphism will be poorly crystallized because of presence of defects in the crystal
structure, and with a small (compared to stoichiometric FeCOs) particle size. Their inherent
structural features (crystallite size, microdistortions and defects) will complicate the
formation of a tightly packed, continuous film of corrosion products adhering close to the
steel surface. In this regard, their protective properties may be reduced and less resistant to
the aggressive effects of operating conditions, leading to an increased danger of development
of CDC, including its localization [5, 6]. The movement of the medium flow, inside the
Stand 1 [13], will contribute to the removal of layers of iron carbonate poorly adhered to the
steel surface in certain areas (Figure 4). The authors of [37] note the role of the factors of the
medium movement in the formation and deposition of non-stoichiometric siderite of the
following composition Feg31CageCO3 0on the steel surface. Another study [38] reported that
non-stoichiometric Ca,Fe_,COs; formed porous and poorly crystallized, reducing the
possibility of forming a monolithic and effective protective layer on the steel. In this case
the surface without corrosion products is the anodic region, and the rest is the cathodic
region, will enhance the localization of the CDC.

Additionally, we assessed the profile of the siderite reflection (Table 3) based on the
full width of the reflection at half the absolute height (B), often called the half-width. The
main factors causing changes in the width of reflections are the structural features of minerals
associated with the presence of defects in the crystal lattice. The B value, being a qualitative
and summary characteristic of all structural inhomogeneities, can serve for a comparative
assessment of corrosion products obtained on different pipes.

Table 3 presents the results of estimate isomorphic substitutions in the crystal structure
of siderite taken from the surface of 2 gas pipeline pipes after long-term operation in places
where local defects are formed. Processing of the data (Table 3) made it possible to establish
that for the operating conditions of pipe No. 1, 2 modifications of non-stoichiometric siderite
are observed (peaks 2.82—2.83 A and 2.80-2.81 A for precipitation selected in the defect
itself and next to it) and the corresponding substitution occurs:

1) Fe?* ions to Ca** (CaxFe,COs3);
2) Fe?* ions to Ca?*, Mg**, Mn?* ((Ca,Mg,Mn,Fe)COs).

The structural data of these precipitation from pipe No. 1 (Table 3) differ due to
isomorphic substitution in the crystal structure and are shifted relative to the theoretical
values of the parameters of stoichiometric FeCOj3 (standard parameters for the unit cell (u.c.)
are a=4.6920; ¢=15.3800, and the value 3=0.08).

For precipitation from another pipe No. 2, also selected near and far from the defect,
despite the fact that the parameters for u.c. close to stoichiometric FeCOs, the B value is
increased (Table 3). In the absence of isomorphism, increased B (0.172-0.384°) is
apparently due to the small size of siderite particles in the layer of corrosion products on
pipe No. 2, which will also worsen their protective properties.
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Table 3. Unit cell parameters and assessment of isomorphic substitutions in the crystal structure of siderite
on steels according to XRD analysis.

Parameters of U.C.*
No. Siderite composition B, ©

Peak, A Modification 1 Peak, A Modification 2**
a=4.7068; ¢ = 15.4107

a=4.7198; ¢ = 15.5264

1 282 Cao.09F€e0.91CO3 280 Mo.o2F€0.98CO3 0.436
2 280 a= 4.701Fs3e;cc0:3 15.3746 ] ] 0384
279 a= 4.703%%;50:3 15.3616 B B 0172

*Standard parameters for stoichiometric siderite a = 4.6920; ¢ = 15.3800; $=0.08.
**M = (Ca®*, Mg?*, Mn%").

Based on the results of the above preliminary experiment (Figure 4), subsequent tests
on a corrosion Stand 1 under periodic wetting conditions were carried out at t=720 hours
and T=60°C on 09Mn2Si steel. At P(CO;)=0.1 MPa, value of Kj,c can be 2.2—2.9 times
higher in more mineralized water compared to condensation water. In this connection similar
values of K, in the same environments and conditions are in the identical range (Table 4).
This may be because of higher content of anions-activators of local defects in the water
model with a salinity of 11 g/dm3. When P(CO,) increases to 0.26 MPa, the maximum
values of Kgen raise by 2 times after testing in both aquatic environments. It worth noting that
in more mineralized water, an increase in P(CO,) does not have a significant effect on value
of Kiee. In this case, the mineralization of the medium has a predominant influence on the
degree of localization of CDC. However, the situation is the opposite in water with a lower
mineralization of 1 g/dm?, when an increase in P(CO;) from 0.1 to 0.26 MPa leads to an
increase in value of K, 3.3-3.5 times. It can be assumed that in this case, insufficient
mineralization may affect the composition, thickness and properties of the film of corrosion
products. They will be formed as low-resistant and more susceptible to entrainment during
alternating wetting of steel samples, provoking the development of local CDC. It is
confirmed by the presence of multiple defects on the surface of the steel after testing at the
Stand 1 (Table 4).

One of the most convenient and rational methods of protecting oil and gas facilities
from internal corrosion is the use of corrosion inhibitors (CI). The effectiveness of their use
depends on the correct choice of both the CI itself and the technology for its delivery. The
two main technologies are non-stop dosing of the reagent into operating media and the
technology of periodic inhibitor treatment (“batch treatment” with the creation of a durable
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ClI film on the steel surface) [1]. Since the second technology is less studied, we tested the
film-forming properties of a number of CI for CDC conditions.

Table 4. Test results of 09Mn2Si steel samples under conditions of variable wetting at the Stand 1 at
T=60°C.

. . K, mm/year
Mmerallz?tlon, P(CO2), MPa Sample appearance
g/dm
ngn Kioc
1 0.26-0.34 0.60-1.12
0.1
11 0.29-0.36 1.77-2.52
1 0.26-0.66 1.99-3.98
0.26
11 0.51-0.69 1.42-2.03

When examining the desorption of the Inhibitor No. 1 film from a steel electrode using
the linear polarization resistance (LPR) method, two series of tests were carried out: without
and with a change in the aqueous solution with a mineralization of 1 g/dm? (Figure 6).

Value of Ky, samples with a film of pre-applied Cl, according to the results of the first
series of tests (without changing the aqueous solution), is significantly lower than that
obtained ones for uninhibited samples (Figure 6, line 1): during the first 4 days Kgen IS
0.01 mm/year, then an increase in its value is noted to 0.05 mm/year and then until the end
of the tests it is at the level of 0.05-0.07 mm/year. In the absence of replacement of the
corrosive solution, the inhibitor film will ensure a normalized reduction in Kgen to the level
of less than 0.1 mm/year throughout the entire test period (up to 39 days). The major fact is
that such conditions are “ideal” and do not coincide with the operating conditions of field
gas pipelines, where there is constant movement of the liquid medium and the dynamic factor
should be taken into account in while experiment.
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Figure 6. The rate of general corrosion of samples with an inhibitor film in an aqueous
solution with CO- blowing, measured by the polarization resistance method: 1 — without
replacing the solution throughout the entire test period; 2 — with double replacement of the
solution (vertical lines on the graph).

According to the results of the second series of tests (with changing the aqueous
solution) Kgen samples with an inhibitor film increases after a single replacement of the
corrosive solution, while its value is at a level close to the corrosion rate in the absence of
renewal of the test solution, and does not exceed the standardized value. Subsequent
replacement of the corrosive solution contributes to even greater increase in the rate of
general corrosion due to the desorption of CI and its removal when replacing the test
solution. Two weeks after replacing the solution, stabilization of Kge, is noted at the level of
0.275-0.300 mm/year. At the end of the tests on samples with Inhibitor 1 film, the presence
of local corrosion damage was noted. The corrosion of the background samples (without the
CI film) is continuous and uniform, though a significant overall thinning is observed due to
the dissolution of steel. The localization of corrosion is apparently due to the formation of
local defects in the protective inhibitor film over time [39]. The removal of the inhibitor will
also be influenced by the dynamic nature of the liquid medium movement.

Repeated tests of a number additional of other CI confirmed the above data on the
inhibitor film resistance on steel over time. After testing by the LPR method, in 30 days
(with a double replacement of the test solution with a mineralization of 1 g/dm?3), local
defects were detected on samples with a film of both reagents (Inhibitor No. 2 and Inhibitor
No. 3) (Table5). The Kgn Vvalue, calculated based on the pitting depth, was 0.740-
1.811 mm/year for both IRs. This fact indicates insufficient film-forming properties of
Inhibitor No. 2 and Inhibitor No. 3, even to the point of provoking the localization of CDC
when the continuity of the inhibitory layer is disrupted. In this case, in a medium without
inhibition, no local defects were formed, although Kgn and was high (1.875-
2.197 mm/year). Parallel comparative tests using the same method of decision-making
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showed (Table 5) that with constant dosing of Inhibitor No. 3 it will effectively protect
against local CDC, and the value of Kgen Will be below 0.1 mm/year.

The need to evaluate and test the film-forming properties of Cl, taking into account the
possibility of localizing corrosion in places where it is absent on the steel surface, was also
noted by the authors [7, 8].

Table 5. Values of corrosion rates and the view of samples after testing by the LPR method in course of
30 days.

Test conditions K, mmiyear View of samples after test
Kgen™ Kgen™* Kios (without corrosion product)
Without of ClI 1.875 2.197 —
Inhibitor No. 2 1172 0.568 0.949-1.811
(film)
Inhibitor No. 3 1.689 1.069 0.740—1.380
(film)
Inh|b|to_r No. 3 0.069 0.081 B
(dosing)

*According to measurements using the LPR method
**Based on gravimetric measurements of samples (probes) of the decision maker (after testing)

Beside the requirements for protective properties, technological requirements are also
imposed on CI [1, 40]. In this connection they should not have a negative influence on the
technological processes of gas processing. Let us consider one of the most urgent problems
in practice: the formation of emulsions in agueous-hydrocarbon medium in the presence of
Cl.

Creating a turbulent flow regime (to maintain a mixed state of water and hydrocarbon
phases) in pipelines is one of technological methods of combating corrosion [41]. However,
under conditions of hydrocarbon processing, it is required to separate the aqueous phase as
much as possible from the gas condensate, which is one of the final products. Among the
existing methods for breaking emulsions applicable at gas facilities, one can distinguish the
thermal method (physical method) and the demulsifier addition method (chemical method).

The assessment of emulsions’ temperature effect showed (Table 6) that an increase in
T leads to separation of the emulsion. The most effective and complete separation into
different phases by the thermal method started at from T=45°C.
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Table 6. Effect of temperature on emulsion separation.

Temperature, °C

+35 +45

The second method (chemical) also showed its benefit. Addition of less than 1 mL
demulsifier made it possible to effectively separate the emulsion (Table 7). However, a
further change in the demulsifier amount (up to 2 times) by has a negative effect on the
system. It is necessary to find and maintain the optimal dosage of the demulsifying agent.

Table 7. Effect of adding a demulsifier on emulsion separation.

Vdemul, ML
0 0.1 0.2 0.3 0.5 1 2

Conclusions

1. The main types of corrosive manifestations of carbon dioxide corrosion under the
influence of liquid flow on the internal surface of a gas pipeline are considered after a set
of experimental studies.

2. Specific test methods for each type of corrosion manifestations and their technical
implementation are proposed. They assume using developed corrosion stands which
simulate liquid flow loop and conditions of variable pipe wetting.

3. The nature and parameters of general and local defects development formed during testing
on the steel surface of samples are comparable to the results obtained under operating
conditions of real gas objects.

4. The proposed two new test methods (liquid circulation and conditions of variable wetting
of the pipe) complement our previously proposed method of moisture condensation on the
surface of the pipe. A rational combination of all three methods makes it possible to
simulate the main corrosion-hazardous conditions inside a gas pipeline during the



Int. J. Corros. Scale Inhib., 2024, 13, no. 2, 911-929 926

transportation of aggressive CO,-containing gas, including the most dangerous local
corrosion.

5. The use of scanning electron microscopy and X-ray diffraction methods makes it possible
to carry out analysis with an instrumental assessment of the nature and composition of
corrosive siderite deposits and the effect on their properties and resistance to liquid flow.

6. The formation of non-stoichiometric siderite with its structural features that reduce the
protective properties has been confirmed in places where corrosion products with low
adhesive properties are carried away, where further intensive formation of local defects
occurs in the presence of CO..

7. Comparative tests of film-forming properties for corrosion inhibitors were proposed and
carried out. The test results make it possible to evaluate the factors for the development
of local corrosion under conditions of removing the inhibitory film from the steel surface
under dynamic conditions of fluid flow through a pipeline.

8. The use of a thermal method or demulsifiers potentially makes it possible to solve the
problem of emulsion formation in aqueous-hydrocarbon media in the presence of
corrosion inhibitors, which, in addition to protective ones, also have technological
requirements.
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