SOUR GAS RESISTANT
PIPE STEEL

Introduction

Since the 1950's several pipeline accidents have been
reported from the oil and gas industries, which could be
related to the presence of hydrogen sulphide H.S (1). With
the exploitation of new oil and gas fields, higher amounts
of H,S and CO; may occur in the goods to be transported.
In an aqueous solution these gases form a corrosive media
called “sour gas’.

In weldable high strength low alloy steels, such as
pipeline steels, sour gas may cause hydrogen induced
cracking (HIC), a failure that arises without the
application of an external stress. The type of failure
associated with HIC is also referred to by other names
such as hydrogen pressure cracking, blistering or stepwise
cracking,

HIC is different from sulphide stress corrosion cracking
(SSCCQC), also called hydrogen induced stress corrosion
cracking (HSCC), which occurs mainly in high strength
steels and under the action of external stresses. Figure 1
(2) summarises, that HSCC occurs especially in quenched
and tempered oil country tubular goods, while for the
pipeline steels the possibility of hydrogen induced
cracking has to be considered.
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Standard Test Method

Investigations undertaken by several researchers found
that they could not reproduce published test results when
testing for HIC, Therefore, a NACE committee prepared
and published a standard test method (3), which entailed
exposing an unstressed steel coupon for a set time, e.g. 96
hours, to synthetic seawater saturated with H.S (The test
environment corresponds to a pH value of around 5). The
exposed coupon is evaluated through metallographic
studies from which different ratios for stepwise cracking
can be determined, figure 2.
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Figure 1: Critical tensile stress for HSCC of various pipe
steels

Figure 2: Method of measuring stepwise cracking

Similar testing methods are also specified in related line
pipe specifications. However, this test is often carried out
under more stringent conditions at the lower pH value of
around 3, using a solution described in another NACE
standard (4). In this standardised small-scale test, the steel
specimen is exposed to the solution in such a way that
both surfaces are attacked. As a result, the adsorbed
hydrogen — the mechanism is described in the next section
— cannot diffuse through the steel and becomes enriched
in the centre of the plate. This is a much more severe
condition than that experienced within a real pipeline,
where the attack is only on one (the inner) surface of the
pipe, resulting in a hydrogen concentration gradient from
the exposed to the opposite surface, where the hydrogen
is allowed to effuse. Since the weakest position is often
the plate centre, the critical hydrogen pressure for crack



formation may be reached in the test but not necessarily
in practice (5).

Additionally, it has been found that classification of HIC
via an ultrasonic testing method generates results that are
much more representative (6).

The Mechanism of HIC

The aggressive medium ‘sour gas’ causes the anodic
dissolution of iron: Fe — Fe* + 2e". By the cathodic
reaction: H' + e — H, atomic hydrogen is formed and can
adhere to the steel surface. Figure 3 demonstrates the
stages of HIC initiation.
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Figure 3: Demonstration of HIC initiation

The atomic hydrogen will then be absorbed and distributes
itself within the steel matrix via diffusion. The small
hydrogen atom will exist either as interstitial within the
iron atom and/or can alse get trapped in the steel matrix.

The atomic hydrogen can recombine into the molecular
form H. at inhomogeneities in the steel matrix, preferably
at the interphase of inclusions with the steel matrix. This
will result in the creation of an internal gas pressure. In
fact, especially high stresses can arise at large, flat and
elongated inclusions, such as manganese sulphide (MnS)
or oxide clusters, causing tensile stresses in the
neighbourhood of such inclusions and eventually
originating flaws.

Following a crack initiation, a hydrogen induced crack is
formed by a link up mechanism of several of these flaws.
The hydrogen induced cracks preferably follow hard and
brittle constituents within the microstructure.

In order to avoid HIC failure, besides reducing the surface
reaction, preventing the recombination of hydrogen atoms
at inclusions and/or the crack link up mechanism are other
ways to avoid HIC failure. All these failure initiation
mechanisms and their preventions (dependent upon the pH
level) are discussed further below.

Hydrogen Adsorption

The influence of several alloying elements on the
corrosion rate of steel and thus the possibility of hydrogen
entry under wet environmental conditions containing H,S
was studied in the early 1980’ (7). Figure 4 summarises
some of the results, demonstrating that a correlation exists
between the corrosion rate and the hydrogen pick up.
Neglecting rather expensive elements such as gold or
palladium, common alloying elements such as copper,
chromium and nickel also have a corrosion retarding
effect. At moderate acidity copper is very effective, and
levels above 0.35% practically bring the corrosion process
at pH = 5.2 to an end. However, the protective surface
layer formed by adding this element does dissolve at
lower pH values and the reduction in hydrogen absorption
becomes negligible.
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Figure 4: Influence of alloying on steel corrosion and
hydrogen absorption in H.S Bearing wet environment

The positive role of copper additions can be seen also in
figure 5 (2). However, it has been observed (7) that the
addition of other elements such as molybdenum or nickel
will diminish the positive role of copper.
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Figure 5: Hydrogen permeation in pipe steel X 60 with
twao different Cu levels after several hours treatment in
H.S saturated sea water, pH = 5.






