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CORROSION RATE COMPARISON OF LOW-CARBON PIPES STEEL IN VARIOUS
AGGRESSIVE ENVIRONMENTS

Low-carbon steel is the main material for the production of main oil and gas pipelines. Currently, X70, X80 type
steels are used in world practice, however pipelines that have been in operation for more than 45 years were made of 17I'1C
(X50, X52) steels. Steels of the new generation X100 and X120 have improved strength indicators and therefore they are
increasingly used for the manufacture of high-pressure pipelines and marine pipelines. Corrosion of the internal and external
parts of pipes is the main factor in failure of pipelines. Aggressive environments and places of their action will cause different
types of corrosion. During the operation of low-carbon pipe steels, their corrosion rate was investigated under different
operational parameters and environments. The main results of many researchers do not always coincide with each other, and
therefore the comparison of corrosion rates for pipe steels of different generations is relevant today. The influence of
aggressive environments on the corrosion rate of low-carbon steels of different generations was studied, with possible
consideration of similar operating parameters and types of these environments. Different electrochemical parameters for all
generations of steels are compared. The most sensitive parameters of corrosion resistance, which respond to the difference in
environments and pipe materials, have been determined. It was found that a more aggressive environment and extreme
operating characteristics for different steels give a clearer difference in determining the rate of corrosion. It was established
that for a more aggressive environment, the difference in the rate of corrosion for different steels becomes more significant.
The best indicators of corrosion resistance in various aggressive environments were shown by X70 and X80 steels, while X80
steel is the leader in corrosion resistance in many studies. Steel 17G1C, as expected, showed the worst indicators. Steels of the
new generation X100 and X120 showed a worse level of corrosion rate than steel X80, but the best strength indicators are the
main factor in their selection as pipeline materials that work in critical conditions.

Key words: pipe steels, corrosion of metals, gas and oil pipelines, electrochemical parameters, corrosion rate,
corrosion permeability.
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MOPIBHSIHHSI IIBUJIKOCTI KOPO3Ii HU3bKOBYIJIELHEBUX TPYBHUX CTAJIENA
Y PI3HUX ATPECUBHHUX CEPEJIOBUIIIAX

Husvkosyaseyesi cmasi € 0CHOBHUM mMamepianom 045 supobHUymea mazicmpaabHux Hagmo- i 2azonpoeodis. B danuil yac y
ceimosili npakmuyi eukopucmogyiomscsi cmaai muny X70, X80, npome mpy6onpogodu, siKi ekcnayamyiomoucs —6invwe 45 pokie
suzomosasiaucs 3i cmasneil 17I'1C (X50, X52). Cmani Hosozo nokoainHa X100 ma X120 maoms nokpaweHi noKasHuku MiyHocmi i momy ix
8ce yacmiwe 3acmocogyroms 04151 8U20mos/ieHHs1 mpy6onposodie 8UCOKO20 MUCKY, ma MOpcbKUux mpybonposodis. Koposis eHympiwHboi i
308HIWHbLOI YacmuH mpy6 € ocHo8HUM ¢pakmopom euxody 3 .aady mpyb6onposodis. AzpecusHi cepedoguwa ma micys ix dii 6ydymo
cnpuvuHsmu pisHi munu koposii. Ha npoms3i excniyamayii Husbkogyaseyegux mpy6Hux cmaJell docaidxcysaaacs ix weudkicms koposii
npu pisHUX ekcnayamayiiiHux napamempax ma cepedoguwjax. OCHosHi pe3yabmamu 6azamwvox docai0HUKI8 He 3aedxcdu cnienadaome Midx
€06010 i moMy nposedeHHs1 NOpiBHsIHHA WeUdKocmi Kopo3ii 011 mpy6HUX cmaell pi3HUX NOKOAIHb € AKMYA/AbHUM HA Cb0200HIWHIL Yac.
Hocaidxceno enaue azpecusHux cepedoguwy Ha weUIKicmb KOpo3ii HU3bKO8y2/1eyegux cmasell pisHUX NOKOAIHb 3 MOKCAUBUM 8DAXYEAHHAM
nodi6Hux ekcnayamayitiHux napamempie ma eudie yux cepedosuwy. IlopieHsiHO pi3HI eseKMpPOXiMiYHI NOKA3HUKU 051 8CIX NOKO/IHb
cmavell. BusHaveni Halibinbw yymaugi hapamempu KoposiliHoi cmitlikocmi, siki peazyroms Ha pizHUYl0 cepedoguly ma mamepianie mpye.
BusiesnieHo, ujo 6inbw azpecusHe cepedosuuje ma ekcmpemaavHi ekcnayamayiliHi xapakmepucmuku 045 pizHux cmasell daromb 6iabuwl
uimky eidMiHHICMb y 8U3Ha4eHHi weudkocmi Koposii. BcmaHosieHo, ujo 015 6i1bW azpecusHo20 cepedoguwa pizHuYsl 8 weudkocmi koposii
ds15 pisHUX cmasell cmae 6iavbw icmomHor. Halikpawi nokasHuku Kopo3iliHoi cmilikocmi 8 pi3HUX azpecusHux cepedosuujax nokasaau
cmani X70 ma X80, npu yvomy cmanv X80 € nidepom no koposiiiHili mpuskocmi y 6azamwuox docaioxcenHsx. Cmaav 17I'1C ouikysaHo
nokasasa Hatieipwi nokasHuku. Cmani Hogo2o nokoainHs X100 ma X120 nokasanau eipwutl piseHb weudkocmi kopo3ii Hixe cmaab X80,
npome Hatikpawji NOKA3HUKU MIYHOCMI € OCHOBHUM HUHHUKOM iX eubopy 6 sikocmi mamepianie mpy6onpogodis, ski npayrioms 8
KPUMUYHUX YMOBAX.

Kawuogi caoea: mpy6Hi cmani, koposisi memasnis, 2a3oHagpmonpogodu, eseKmpoXimiuHi NOKA3HUKU, WEUJdKicmb Kopoaii,
KOpO3iliHa NPOHUKHICMb.

Introduction

Steel main pipelines are the main and cheapest method of transporting gas and oil over considerable
distances. About 60% of pipeline failures are associated with corrosion of pipe materials. Both internal and external
corrosion of pipes are distinguished. In this comparison, we will consider internal corrosion, which will
fundamentally affect the performance of pipeline transport and which is difficult to detect by non-destructive control
methods, and partly external corrosion, which will occur due to damage to the external protection of pipes. The main
factors that affect the intensity of corrosion are the temperature of the environment, the working pressure of the gas,
the concentration of hydrogen sulfide and low molecular weight carboxylic acids in the water condensate of the gas,
the exposure time, the static or dynamic state of the corrosive environment [1-11]. The rate of corrosion will also
depend on the place of contact with an aggressive environment (top-bottom). The duration of operation will also
have a significant effect on the corrosion resistance of pipeline materials.
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Analysis of recent sources

The corrosion process will contribute to the formation of a sulfide film on the surface of the pipe metal and,
thus, will serve as a kind of protection against further corrosion penetration and destruction of the pipe wall [1].
Different generations of pipe steels and different operating conditions of pipelines will affect the speed of this
process. The chemical composition of the steel will be the main factor that will affect the composition and speed of
the sulfide film and the further course of this process [1].

The use of new generation steels poses new challenges to pipeline corrosion researchers. Such studies are
conducted under different conditions and corrosion factors, which does not make it possible to draw unambiguous
conclusions and systematize the results. Comparison of the corrosion rate for steels of different generations requires
the analysis of previous studies and the formation of a single method for further studies.

As materials for comparison, we will consider pipe steels of three generations. First of all, these are low-
carbon steels of the 17T'1C type (X50, X52 according to the APU classification), which are the main material of
pipelines on the territory of Ukraine, the second generation are X60, X70 and X80 steels, which have proven
themselves well as the main material of pipelines in the whole world and showed good characteristics of corrosion
resistance under different modes of operation [4-6] . High-strength low-carbon steels X100 and X120 were intended
for pipelines that are operated at high pressure and show a fairly high level of corrosion speed, however, with longer
exposure in an aqueous solution, a homogeneous sulfide layer forms on the surface of such materials, which will
protect the main material from further exposure to a corrosive environment [7, 8, 10, 11]. The main need for such
steels is to reduce the cost by reducing the thickness of the pipe wall due to increasing the strength of pipelines when
transporting hydrocarbons over long distances.

The main purpose of this study is the possibility of comparing the corrosion rate of different types of pipe
steels of different generations and identifying the difference in this process. Determine the most sensitive indicators
characterizing corrosion resistance and give recommendations for further comparative studies.

Main studies

The chemical composition of steels and the manufacturing technology are one of the main factors affecting
the mechanical characteristics of pipe steels and their corrosion resistance. Let's consider the main chemical
composition of the studied steels and, to compare the main components, present them in Table 1.

Table 1
Chemical composition of the studied steels

Steel C P S Si Mn Cu Al Ni Mo Nb Ti

17T'1C_ 10,2 0,01 0,04 0,4 1,3 0,1 0,04 0,15 -

X70 0,06 0,08 0,01 0,25 1,65 0,2 0,026 0,18 0,1 0,04 -

X80 0,04 0,06 0,002 0,22 1,88 0,23 0,04 0,26 0,29 0,1

X100 0,065 0,002 0,04 0,95 1,69 0,2 0,046 0,03 0,27 0,055 0,01

X120 0,049 0,002 0,04 0,101 1,96 0,2 0,04 0,03 0,32 0,012 0,07

As can be seen from Table 1, steel 17T'1C has the highest percentage of carbon, steels X70 and X80 have
an increased percentage of manganese, which will significantly increase strength indicators. The main difference
between these steels is the sheet rolling technology. For steels of the newer generation, modern high-temperature
rolling is used with the addition of an alloying element of niobium, which will create a structure of acicular ferrite.
Such a manufacturing process will contribute to obtaining better mechanical characteristics, and a low percentage of
carbon will improve the weldability of such steels. Since the composition of the pipe material is one of the key
points that will affect the rate of corrosion processes, it is necessary to focus on their differences.
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Fig. 1. Strength characteristics of pipe steels
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The technological process of rolling sheets of X100 and X120 steels allows obtaining a stronger bainite
structure [10, 11] . At the same time, X100 steel gets an upper bainite structure, and the improved rolling technology
for X120 steel and the introduction of titanium as an alloying element allows us to get a lower bainite structure,
which is close in structure to martensite. For such a steel, the strength characteristics will increase with an increase
in the percentage of carbon. The main strength characteristics of the studied steels are presented in Figure 1.

Our studies [1, 2] show that the use of electrochemical indicators has prospects for technical diagnosis of
the state of materials of long-term operational structures. The number of electrochemical indicators that can
potentially be used for this purpose may include corrosion potential Ec,, Tafel coefficients B_aand B c, current at a
certain anodic potential and corrosion current jaand jeor, accordingly, polarization resistance R,,.

Among all the electrochemical characteristics of pipe steels, the highest sensitivity to all the above-
mentioned factors that will affect the level of corrosion in a model solution of water condensate is shown by
polarization resistance R, and corrosion potential Eco [1].

To compare the corrosion indicators, it is difficult to comply with the conditions for the coincidence of all
the operational factors listed above. Therefore, to begin with, we will consider the influence of the critical
temperature on the polarization resistance. For comparison, the data for steels were taken, which were studied, if
possible, under the same conditions of concentration of hydrogen sulfide as the main factor of corrosion. The
corrosion rate increased most intensively at temperatures from 40 °C to 70 °C and reached a maximum at 60-70 °C
[1-9].

Comparison of the corrosion rate was carried out with the possible selection of the same characteristics of
environments that will affect the corrosion rate. We used a 3% NaCl solution with different levels of hydrogen
sulfide saturation from 0 to 20 mg/m 3 , an aqueous emulsion of oil transportation products (H2S concentration of 7
mg/m? ), and a soil solution with a hydrogen sulfide concentration of 7 to 20 mg/m? . The research temperature was
taken in the range from 300K to 340K, the pressure in the pipes p=0.1MPa. Saturation with hydrogen sulfide was
controlled using controllers followed by measurement of electrochemical parameters and pH level .

The study of the effect of temperature on the intensity of corrosion damage of the gas pipeline material was
carried out in an environment that was a mixture of natural gas with hydrogen sulfide concentration of 20 mg /m? .
Initially, the working pressure was constant and was 0.1 MPa. The results of the comparison are presented on the
diagrams below (figure 2, figure 3).
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-800
177T1C mX70 mX380 mX100 mX120
17r1C mX70 mX80 EX100 mX120
Fig. 2. Comparison of polarization resistance R, for different pipe Fig. 3. Comparison of corrosion potential £, for different pipe
steels steels

Comparing the effect of hydrogen sulfide saturation in a 3% NaCl environment among many posts, it
should be said that under such conditions, the formation of a sulfide protective film takes place the fastest at the
maximum concentration of H,S , while the rate of further corrosion decreases sharply. Aqueous emulsion of oil
transportation products and soil solution with different concentrations of hydrogen sulfide showed a slower
corrosion process, however, the formation of a protective film was also unstable, which means that at a certain speed
of movement of substances, not such a stable coating and protection is possible. It should be noted that when oil is
transported for a long time, a paraffin layer forms on the surface of the pipes, which will help protect the surface and
change the type of corrosion (bacterial).

Therefore, it should be noted that any comparative studies of the corrosion rate in different environments
for different steels must be carried out under the most critical operating factors that could give excellent results.
Under such conditions, the influence of additional factors, namely the period of operation, the influence of watering,
the influence of another bacterial environment or carboxylic acids would be insignificant, and the anti-corrosion
characteristics would be more pronounced for the comparison of different steels. Also, these comparative studies
must be conducted under as similar conditions as possible, because the synergistic effect of additional factors can be
critical in changing the type of corrosion and its speed.

The rate of corrosion is not a constant value throughout the year, because changes in temperature and
operating parameters, instability of the structure of the hydrogen sulfide solution will affect the speed of this
process. In this work, indicators were compared with fairly similar input parameters. This study is an attempt to
summarize own results and data of other authors and draw initial conclusions and make recommendations for further
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research. Therefore, the results of comparing the corrosion rate for different pipe steels in different corrosive
environments are presented in fig. 4.

CORR RATE, MM/YEAR

_

3% NaC Water-oil emulsion Soil solution

17r1C mX70 mX80 mX100 mX120

Fig. 4. Corrosion rate of various pipe steels in various aggressive environments

Steel 17T'1C showed the worst corrosion rate indicators among other pipe steels under similar operating
conditions. Outdated rolling technology, variations in the chemical composition of different samples and the highest
level of carbon are the main factors of such results. However, it should be said that this difference is not critical and,
under moderate operating factors, it shows the same results as modern steels under more aggressive operating
conditions. This steel is the main steel of pipelines built 50 or more years ago and there is a large amount of stock
pipe used to repair emergency areas, so its use is a cheaper alternative to modern steels. For pipelines that have been
in operation for more than 40 years, it is necessary to take into account the level of hydrogen degradation, which
will significantly worsen the corrosion resistance of these steels.

The updated rolling technological process and improved chemical composition for X70 and X80 steels
make it possible to obtain better mechanical indicators. These steels are the main materials of most oil and gas
pipelines that have been built in the last 30 years around the world and have shown good operational performance
and behavior under critical conditions. In our comparative study, X70 and X80 steels showed the best results in
corrosion resistance. X80 steel is the leader in all investigated indicators.

Steels of the new generation X100 and X120 are increasingly used for the construction of oil and gas
pipelines that work under high pressure and as marine pipelines. Also, pipes made of these steels are used for major
repairs of pipelines made of other types of steel. Improved mechanical characteristics due to the updated
technological process of rolling and changed chemical composition allow to reduce the thickness of the pipe wall
and, thereby, to save on material capacity. Since the corresponding steels began to be used not so long ago, there are
few experimental data on their corrosion resistance and quite often they are contradictory. However, most
researchers claim that the corresponding steels have worse corrosion rates than X70 and X80 steels.

The production of large-diameter pipes, as the most economically expedient method of transporting
hydrocarbons, is constantly being improved and changed to ensure the main mechanical characteristics of the
material, such as strength, weldability, corrosion resistance. Along with new materials, there is a large number of
pipelines made of pipe steels of an older generation. As the mechanical characteristics and chemical composition of
steels change, the susceptibility of the material to corrosive destruction changes, which must be investigated and
controlled.

Conclusion

X70 and X80 steels showed the best indicators of corrosion resistance among other steels of different
generations, and the best results were expected to be shown by X80 steel. The worst indicators of the corrosion rate
of steels of type 17T'1C (X50, X52) are caused by the increased carbon content and the outdated technological
process of rolling and possible hydrogen degradation. New generation X100 and X120 steels show worse corrosion
resistance compared to X80 steel. However, the improved mechanical characteristics are the basis of the fact that
these steels will be a further priority for the production of oil and gas pipelines. More critical operating conditions
and the presence of a more aggressive working environment reveal more sensitive steels to corrosion. A critical
difference in one or another factor can lead to discrepancies in the results of research on the corrosion rate. For
further comparative studies, it is necessary to focus on similar operating conditions and, if possible, to study the
influence of some individual factor.
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