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Corrosive behavior of pipeline steel 17G1C and 13G1C-U
in environments NS1-NS3

Procesy korozyjne stali rurociggowej 17G1C i 13G1C-U w Srodowiskach NS1-NS3

Miroslava S. Polutrenko, Halyna M. Hrytsuliak, Andrij O. Kotsyubynsky, Uliana B. Andrusiak

Ivano-Frankivsk National Technical University of Oil and Gas

ABSTRACT: Results of long-term exposure tests (20 months) of 17G1C and 13G1C-U pipeline steel samples in NS1-NS3 model
environments (soil electrolyte imitations) are presented in the article. It was established that during the exposure of steel samples in
the studied model environments the rate of corrosion processes depends on the component composition of the model environments,
the grade of steel and pH. Regardless of the grade of steel, the highest corrosion rate was observed for the NS1 environment, while the
corrosion rate for the NS3 environment was almost 21% lower. In the case of the NS2 model environment, the corrosion rate reduction
for 17G1C steel was 38.68%, and for 13G1C-U steel — 28.75%, compared to the exposure of these samples in the NS1 environment.
The calculated multiple coefficients of determination and linear correlation coefficients indicate a strong relationship between these
indicators. The phase composition and structure of corrosion products were determined by the X-ray diffractometer Shimadzu XRD-7000
using the method of X-ray structural analysis. On the basis of the obtained radiographs, the dominant form of iron oxide, which does
not depend on the grade of steel, was determined for each environment. The research results have practical value and can be used in
predicting the behavior of underground structures in soils of different corrosive activity.
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STRESZCZENIE: W artykule przedstawiono wyniki badan dtugotrwalej ekspozycji (20 miesigcy) probek stali rurociggowych 17G1C
i 13G1C-U w $rodowiskach modelowych NS1-NS3 (imitacje elektrolitow glebowych). Na podstawie przeprowadzonych badan stwier-
dzono, ze szybko$¢ procesow korozyjnych zalezy od zawartosci poszczegdlnych sktadnikow w srodowiskach modelowych, jak rowniez
od gatunku stali oraz od wielko$ci pH. Niezaleznie od gatunku stali najwicksza szybkosc¢ korozji zaobserwowano dla srodowiska NS1,
podczas gdy szybkos$¢ korozji dla srodowiska NS3 byla nizsza o prawie 21%. W przypadku srodowiska modelowego NS2 zmniejszenie
szybkosci korozji dla stali 17G1C wyniosto 38,68%, a dla stali 13G1C-U — 28,75%, w poréwnaniu do ekspozycji tych probek w §ro-
dowisku NS1. Obliczone wielokrotne wspotczynniki determinacji oraz wspotczynniki korelacji liniowej wskazuja na silny zwiazek
miedzy tymi wskaznikami. Sktad fazowy i strukture produktéw korozji okreslono za pomocg dyfraktometru rentgenowskiego Shimadzu
XRD-7000, stosujac metode rentgenowskiej analizy strukturalnej. Na podstawie uzyskanych radiogramow dla kazdego osrodka okre-
slono dominujacg forme tlenku zelaza, niezalezng od gatunku stali. Wyniki badan majg warto$¢ praktyczng i moga by¢ wykorzystane
do przewidywania zachowania si¢ podziemnych konstrukcji stalowych w gruntach o r6znej aktywnosci korozyjne;j.

Stowa kluczowe: stal rurowa, srodowisko modelowe, szybko$¢ koroz;ji, radiogramy.

Introduction soil electrolyte and the action of the association of microor-

ganisms. All this leads to large material losses and serious

The reliable and efficient operation of Ukraine's pipeline
transport in the conditions of martial law is a guarantee of en-
vironmental security and energy independence of the country.

Pipelines for the transportation of energy carriers, laid in
soils of various corrosive activity, undergo destruction due to
exceeding their normative service life (more than 30 years),
degradation of the insulating coating, the influence of the

environmental consequences. On average, annual losses from
corrosion account for 10-15% of the annual budget of an
average city (Andreyuk, et al., 1980; Andreykiv et al., 2012;
Polutrenko et al., 2022). More than 50% of damage to metal
pipeline structures can be attributed to the activity of micro-
organisms. Despite improvements in protection methods, the
length of damaged pipelines in England is increasing annually
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Figure 1. Corrosion damage to the metal of the pipeline; a) degradation of the insulating coating; b) ulcers on the metal of the pipeline

Rysunek 1. Uszkodzenia korozyjne metalu rurociagu; a) degradacja powtoki izolacyjnej; b) ubytki metalu rurociagu

by 3-4%, especially in silty soils that promote the develop-
ment of microbiological corrosion. In the USA, biocorro-
sion of iron pipes, which develops as a result of the activity
of sulfate-reducing bacteria, is estimated at $500 to $2,000
million per year (Andreykiv, et al., 2012; Kryzhanivsky
et al., 2019).

As a result of the degradation of the insulating coating,
it cracks and peels off (Gabetta et al., 2008; Xue and Cheng,
2010). The steel of the pipeline is exposed to the corrosive
environment, which is represented by the soil electrolyte,
ulcers appear on the metal (Figure 1), which can eventually
provoke the occurrence of an emergency situation with a leak
transported energy carriers.

The corrosive situation of underground pipelines, founda-
tions of buildings and other metal structures operated in the
soil is influenced by a large number of factors related to soil
and climatic conditions, route features, and operating condi-
tions. Such factors include: soil moisture, chemical and mineral
composition (and primarily the amount of dissolved salts in
the composition), acidity of the soil electrolyte, soil structure,
electrical conductivity, and bacterial composition (Gabetta
et al., 2008; Polutrenko et al., 2022).

In order to reduce damages from metal corrosion of under-
ground structures and prevent the occurrence of emergency
situations during their operation, scientists are actively con-
tinuing research on determining the rate of corrosion processes
of various grades of pipe steels in soil electrolytes of differ-
ent mineralogical composition (Korniyenko and Korbutyak,
2009; Hredil and Tsyrulnyk, 2010; He et al., 2015; Gredil
and Tsirulnik, 2017; Kryzhanivsky et al., 2019; Lopushniak
et al., 2022).

The purpose of the work is to study the corrosion behavior
of pipe steels 17G1S and St. 13G1S-U in model environments
NS1-NS3, as imitations of soil electrolyte.
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Materials and methods

Samples of tubular steel 17G1S and steel 13G1S-U with
dimensions of 10 x 50 x 1.0 mm were selected as the object
of the study.

During the research, conditions similar to the operating con-
ditions of main pipelines on the territory of Ukraine were mod-
eled. The research was conducted in 3 compositions of model
soil electrolyte environments NS1, NS2 and NS3 (Figure 2).
The hydrogen index of the media (pH) was determined using
a pH meter of the MI-1500 brand. At the end of the research,
the metal samples were subjected to mechanical and chemical
processing to remove corrosion products from their surface.
The phase composition and structure of corrosion products
were analyzed by X-ray analysis using a Shimadzu XRD-7000
X-ray diffractometer (CuKa radiation was used with 26 scan-
ning from 10° to 60°, 2° per minute with a step of 0.02°).
Processing of diffraction patterns involved Rietveld analysis
(Match!/FullProf software) (Gabetta et al., 2008; Gredil et al.,
2017; Polutrenko et al., 2022).

Table 1. Composition of model environments
Tabela 1. Sktady srodowisk modelowych

Model Composition [mM]
environ- CaCl, MgSO,
ment KCl NaHCO, 2H,0 7H,0
NS1 1.999 5.990 1.082 0.430
NS2 1.905 12.868 0.497 1.031
NS3 0.496 6.654 0.054

After the tests, brown-brown to black corrosion products
were observed on the samples, which uniformly covered the
surface and settled on the bottom of the vessel (Figure 2a). The
product layer was easily removed mechanically (Figure 2b).



Figure 2. Examples of studied compositions of model environments

Rysunek 2. Przyktady badanych sktadow srodowisk modelowych

The rate of corrosion of metal samples was determined by
the gravimetric indicator of the rate of corrosion:
K, = (m—m,)/S/t [mg/dm*/day]
where:
m — final mass of the sample [mg],
m, — mass of the sample before corrosion [mg],
S — surface area of the sample [dm?],
7 — exposure time [day].

Results and discussion

It was established that during the exposure of steel samples
in the studied model environments (20 months), the rate of cor-
rosion processes depends on the component composition of the
model environments, the grade of steel and pH. The analysis
of the obtained experimental data on the determination of the
rate of corrosive damage of steel samples in the studied model
environments showed interesting dependencies, presented in
Figures 3 and 4.

The corrosion rate for the NS3 medium was 21% lower. In
the case of NS2 model environment, the reduction in corrosion
rate for steel 13G1S-U was 28.75%, while for steel 17G1S —
38.68%, These patterns are probably related to the fact that
even with a slight shift in pH to the alkaline region, only part
of the dissolved oxygen is bound by iron oxide ions, which
leads to inhibition of the corrosion rate.

Based on previous studies (Gabetta et al., 2008; Polutrenko
et al., 2022), we determined the phase composition of corro-
sion products of 17G1S and 13G1S-U pipe steels, represented
by various iron oxides, in NS1 and NS2 model environments,
which differed significantly in general mineralization, based
on X-ray analysis data. Regardless of the grade of steel, the
composition of corrosion products in the NS1 environment
was mainly characterized by the presence of lepidocrocite
(y-FeOOH), and in NS2 environment — goethite (a-FeOOH).
The composition of the corrosion products of the studied grades
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of steel in NS3 environment, which in general mineralization
was close to NS1 environment, turned out to be interesting.
The total mineralization of the NS2 medium was more than
twice (2.15) the total mineralization of the NS3 model medium
(Polutrenko et al., 2018; Hredil et al., 2010).

The analysis of the obtained radiographs showed that the
corrosion products of the 17G1S and 13G1S-U pipe steels are
represented by various iron oxides — with the structure of lepi-
docrocite, goethite, magnetite, and hematite. The composition
of corrosion products varied depending on the mineralization of
the medium. Thus, for 13G1S-U steel, the composition of cor-
rosion products in NS1 environment was mainly characterized
by the presence of crystals with the structure of lepidocrocite
(y-FeOOH) and magnetite (Fe,0,), in NS2 environment —
goethite (a-FeOOH) and magnetite (Fe;O,), while in NS3
environment by the dominance of lepidocrocite, small amounts
of magnetite and trace amounts of goethite (Figure 3).

A slightly different picture of the nature of corrosion prod-
ucts is observed for 17G1S steel (Figure 4) (Korniyenko et al.,
2009; Polutrenko et al., 2022).

In NS1 environment, crystals with the structure of lepi-
docrocite and goethite prevail among the corrosion products,
and magnetite is also present. Similar to NS1, the distribution
of corrosion products in NS3 environment was observed. In
NS2 environment, the distribution of corrosion products was
significantly different from what was characteristic of NS1 and
NS3. In this case, the presence of goethite and small amounts
of magnetite was observed (Korniyenko et al., 2009; Hredil
et al., 2010; Polutrenko et al., 2022).

It was established that during the exposure of steel samples
in the studied model environments, the rate of corrosion pro-
cesses depends on the component composition of the model
environments, the grade of steel and pH (Table 2).

Based on the data (Table 1), models of dependences of the
corrosion rate on the final pH of steel samples and the com-
position of the model environment for the investigated steel
grades were developed (Figures 5-6).
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Figure 3. Radiographs of corrosion products of 17G1S-U steel
samples in NS1-NS3 environments

Rysunek 3. Radiogramy produktéw korozji probek stali 17G1S-U
w §rodowiskach NS1-NS3
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Figure 4. Radiographs of corrosion products of 17G1S steel
samples in NS1-NS3 environments

Rysunek 4. Radiogramy produktéw korozji probek stali 17G1S
w §rodowiskach NS1-NS3

Table 2. Influence of the composition of model environments and
pH on the corrosion rate of steel samples (Polutrenko et al., 2022)

Tabela 2. Wptyw sktadu srodowisk modelowych i pH na szybkosé¢
korozji probek stalowych (Polutrenko et al., 2022)

Steel Environment Initial Final K,

brand pH pH [mg/dm?/day]

NS1 7.80 8.81 20.53

17G1S NS2 8.87 9.64 12.59

NS3 8.74 9.36 16.09

NS1 7.80 8.62 22.33

13G1S-U NS2 8.87 9.72 15.91

NS3 8.74 9.24 17.54
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Figure S. The model of dependence of the final pH on the
corrosion rate of steel samples and the model environment for the
17GI1S steel grade

Rysunek 5. Model zalezno$ci koncowego pH od szybkosci korozji
probek stali i srodowiska modelowego dla gatunku stali 17G1S

z=10,606 +0,09441 - x —0,0921y
where z is the final pH,
x — corrosion rates of steel samples,
y —model environment for steel grade 17G18S.
Multiple coefficient of determination (R* = 0.71), linear
correlation coefficient (» = 80) indicate a strong relationship
between these indicators (Lopushniak et al., 2022).
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Figure 6. The model of dependence of final pH on the corrosion
rate of steel samples and the model environment for the 13G1S-U
steel grade

Rysunek 6. Model zalezno$ci pH koncowego od szybkosci korozji
probek stali i sSrodowiska modelowego dla gatunku stali 13G1S-U

z=13,224-0,1631 - x— 0,199y
where z is the final pH,
x — corrosion rates of steel samples,
v — model environment for steel grade 13G1S-U.



Multiple coefficient of determination (R* = 0.76), linear
correlation coefficient (» = 87) indicate a strong relationship
between these indicators (Lopushniak et al., 2022).

Conclusions

1. The corrosive behavior of pipeline steels 17G1S and
13G1S-U in NS1-NS3 model environments— soil electro-
lyte imitations — was studied.

2. It was established that the rate of corrosive processes de-
pends on the component composition of model environ-
ments, the grade of steel and pH.

3. Models of dependences of final pH on the rate of corrosion
of steel samples and the composition of the model medium
for the investigated steel grades were built. The calculated
multiple coefficients of determination and linear correla-
tion coefficients indicate a strong relationship between
these indicators.

4. The phase composition and structure of corrosion prod-
ucts were determined by X-ray diffractometer Shimadzu
XRD-7000 using the method of X-ray structural analysis.
On the basis of the obtained radiographs, the dominant
form of iron oxide, which does not depend on the grade of
steel, was determined for each environment.

5. Research results have practical value and can be used in
predicting the behavior of underground structures in soils
of different corrosive activity.
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