CORROSION PROTECTION OF MATERIALS

EFFECT OF O; ON THE TRIBOCORROSION OF 17Mn1Si
STEEL IN H,S ENVIRONMENT
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The tribocorrosion of 17Mn1Si pipe steel in a chloride-acetate solution bubbled with HaS,
air, and their 1:1 mixture was investigated. The ingress of Oz into an H2S environment leads
to steel destruction due to the combined effects of anodic dissolution and hydrogen-induced
cracking. With Oz presence in the solution, the abrasive nature of friction is determined by
the interplay of pitting corrosion, hydrogen cracking and the formation of iron hydroxides
in the corrosion products.
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Introduction. Corrosion-mechanical destruction of steels in hydrogen
sulfide-containing environments is an important problem in the oil and gas
production and processing industries. As a rule, natural gas contains impurities.
Dissolved H»S initiates total and pitting corrosion as well as hydrogenation of
steels that causes corrosion-mechanical destruction. Oxygen contamination of
environments containing H»S can sharply increase the corrosion rate of steels. In
the presence of oxygen, friction and wear processes in H»S environments become
more complex. The influence of oxygen on the corrosion and tribocorrosion of
low carbon steel in an H,S environment has been investigated.

Experimental procedure. The corrosion and tribocorrosion of ferritic-
pearlite steel 17Mn1Si were studied in a 5% NaCl+0.5% CH3;COOH solution,
bubbled with H>S and air at a ratio of partial pressures Py, s:Puir=1:1; 0:1 and 1:0.
The following methods were applied: corrosion (gravimetric), electrochemical,
tribocorrosion, determination of hydrogen absorption and metallographic.
Tribocorrosion tests were performed both in freshly prepared solutions and in the
solutions after exposition of specimens for 360, and 720 h to form corrosion
products of different composition and morphology. The friction test duration was
1200 s. The software for determining the friction coefficient during reciprocating
motion was developed.

Results. Based on the electrochemical parameters of steel, the addition of
oxygen into a solution with hydrogen sulfide reduces the corrosion rate of steel by
30% (Table 1) The concentration of corrosively active H,S and O; in the solution
decreases as a result of reaction: 2H,S+0,=2S+2H,0. Corrosion in the presence
of HaS is controlled by cathodic processes, and without H,S it is controlled by
anodic processes.

According to long-term corrosion tests (Fig. 1, a), the corrosion slows down
in solution, saturated by HaS at the beginning of exposure due to the formation of
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a dense mackinawite FeoSs film. Over time, mackinawite transforms into porous
needle-like troilite FeS and the corrosion accelerates.

Table 1. The electrochemical parameters of steel 17Mn1Si
in the 5% NaCl+0.5% CH3COOH solution with H>S and air

PHZS - Pair Ecorr,V icorr, mA/ sz
1:0 -0.643 0.282
1:1 -0.635 0.182
0:1 -0.593 0.281

Long-term tests confirmed the slowing down of steel corrosion in a solution
with mixture of H,S and air due to H,S oxidation (Fig.1, a). Over time, oxidation
of mackinawite to troilite and iron hydroxide occurs:

4 FeoSs + 30,+6H,0 —32 FeS + 4Fe(OH)s,
4 FeS + 30,+6H,0 —4Fe(OH);+4S .

Corrosion accelerates as the protective effect of sulfide films weakens.

Corrosion of steel in the presence of H,S is accompanied by hydrogenation.
Hydrogen absorption reaches ~18 ppm. Hydrogenation decreases in the solution at
the ratio Py, s:Pai»=1:1 by a third due to the oxidation of hydrogen sulfide. Hydrogen
absorption was not observed in solution without H>S.
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Fig.1. The corrosion rate (a) and the concentration of absorbed hydrogen (b) in steel after
exposure in a chloride-acetate solution at the ratio Prs: Pair=1:0 (1), 1:1 (2), 0:1 (3).

Ulcers and cracks were detected on the steel surface after exposure in the
solution saturated by hydrogen sulfide (Fig.2, a). Sharp ulcers appear on the steel
surface after exposure in a solution with Py, s:Par = 1:1 (Fig.2, b). Cracks
propagate from the base of the ulcers into the metal. In a solution bubbled with air,
corrosion proceeds with the formation of iron oxides and hydroxides without
ulcers and cracks.
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a b
Fig.2. Cross-section of 17Mn1S:i steel after corrosion (720 h) in a chloride-acetate
solution at the ratio Py, 5. Pair= 1:0 (a), 1:1 (b).

Low wear and low friction coefficient were found at the beginning of
friction in the solution, saturated with H>S. A film of mackinawite is formed on
the friction surface. It inhibits corrosion and acts as a solid lubricant due to layered
structure. So, the wear and the friction coefficient reduce. Over time, mackinawite
transforms into troilite and acts as an additional abrasive. Numerous ulcers were
found on the friction surface as a result of abrasive wear, corrosion and hydrogen-
initiated cracking.
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Fig.3. Change in friction coefficients at the friction of 17Mn1Si steel in a chloride-acetate
solution at a ratio of Py, s Pair=1:0 (a) and Py, s Pair=1:1 (b) Exposure time of steel in
the solution before friction: 1 —0; 2 — 360 h; 3 — 720 h.

As the duration of prior exposure of steel in the environment increases, the
friction coefficient and wear track increases and the electrode potential shifts to
the cathodic region. The tribocorrosion potentials are equal to the corrosion
potential and are stable during friction. This indicates a corrosion-active state of
the metal.

Furrows and numerous ulcers were found on the friction surface in the
solution with Py ¢:Par=1:1. Over time, the amount of damage increases. The
metal is corrosively active in the solution. The combined effect of pitting
corrosion, hydrogen cracking, iron sulfides and hydroxides in the corrosion
products determines the abrasive mechanism of tribocorrosion.
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Conclusions. Corrosion, hydrogenation and tribocorrosion of 17Mn1Si pipe

steel in a chloride-acetate solution bubbled with hydrogen sulfide, air and their
mixture at the pressure ratio Py, s:Par=1:1 have been investigated.

1.

In the short-term test, the corrosion rate of steel in the solution at the pressure
ratio Py, s Pair=1:1 slows down due to the interaction between H»S and O», as
well as the reduction in the concentration of both components in the solution.
In the long-term corrosion test, pitting corrosion and hydrogen-initiated
cracking were detected on the steel surface. The ingress of oxygen into the
hydrogen sulfide environment causes steel destruction due to a combination
of anodic dissolution and hydrogen cracking mechanisms.

At the beginning of the tribo-corrosion tests of steel in a H»S-saturated
solution, the flake-shaped mackinawite acted as a solid lubricant and
decreased the wear. Over time, mackinawite transforms into hard needle-
shaped troilite, and wear increased by 4-5 times.

In the presence of oxygen in the solution, the combined effect of pitting
corrosion, hydrogen cracking, iron oxides and hydroxides in the corrosion
products determines the abrasive nature of friction. The effect of elemental
sulfur on the friction process was not detected.

Tribocorrosion potentials differ slightly from corrosion potentials and
practically do not change during friction. This indicates that the metal is
constantly in a corrosion-active state and mechanical destruction of surface
corrosion products has an insignificant effect on its potential.
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