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The research problem
Hydrogen (H) induced corrosion and cracking of high strength stainless steels (martensitic and

precipitation hardened stainless steels) is a benign problem faced by Oil and Gas (O&G) industries,
especially on metallic infrastructure exposed to hydrogen sulphide (H 2S) (“sour”) environments. H is
absorbed into steels during corrosion in sour environments, with absorbed H scaling with the H 2S
concentration of the environment. The quest for fossil fuels today has resulted in deeper O&G exploration
(in oil and gas fields), where the H2S concentration is significantly higher thus, exposing alloys to a higher
H concentrations than what they are currently designed to withstand. The development of cost-effective
H-resistant alloys is required enable O&G infrastructure to withstand extremely sour conditions in deeper
O&G exploration. Similarly, a mechanistic understanding of H-induced corrosion/cracking is essential in
the context of material selection, damage prediction and component design for application in sour
environments.
It is well-known that the presence of absorbed H causes cracking driven by H embrittlement in steels. The
absorbed H either diffuses through the steel (known as diffusible H) or could get trapped at different
microstructural features such as vacancies, carbides, dislocations etc in the steel (known as trapped H).
The presence of either diffusible or trapped H favours cracking of high strength stainless steels, as
recognised by the drop in the stress intensity factor for cracking (K ISCC) with the presence of absorbed H.
Past work has correlated the H-induced crack growth rate to the diffusible H concentration within steels,
but recent research has identified that H infact intrinsically activates metal dissolution. Therefore, Hinduced metal dissolution (or corrosion) could significantly contribute to the overall H-induced crack
growth rate and also control H absorption/diffusion in steels. A mechanistic understanding of H-induced
corrosion and its influence on H-induced cracking is therefore essential to design cost-effective Hresistant alloys.

Project aims
The project has four principal aims:
(i)
To identify the mechanism of H-induced corrosion in a martensitic steel (AISI 410) and a
precipitation hardened stainless steel (17-4 PH), using spectro-electrochemical methods including
online inductively coupled plasma-atomic emission spectroscopy (ICP-OES) and electron
microscopy.
(ii)
To study the effect of H-induced corrosion on the overall H-induced crack growth rates, using
electrochemical methods, slow strain rate testing and direct current potential drop (DCPD) to
categorise the electrochemical crack-growth vs the hydrogen embrittlement driven crack growth.
(iii)
Identify the susceptibilities of the different stainless steel microstructures to H-induced
cracking/corrosion and relate them to the H-diffusion/trapping characteristics of each
microstructure.
(iv)
Propose a framework to design H-resistant alloys.

Expected outcomes
(i)
(ii)
(iii)
(iv)

Development of a mechanism for H-induced corrosion of martensitic and precipitation hardened
stainless steels.
Identify the influence of H-induced corrosion on HE and vice-versa.
Identity microstructures or microstructural features which make stainless steels probe to Hinduced corrosion/cracking.
Propose a framework to develop H-resistant alloys for O&G applications.

How will the project address the Goals of the above Themes?
The project will serve to provide critical knowledge to firstly understand (and thus predict) infrastructure
damage in sour environments, caused by H interactions with metal components. It will also provide a
design framework to develop next-generation H-resistant alloys.

Capabilities and Degrees Required
The candidate must have a Bachelors or Masters Degree in Metallurgical Engineering, Metallurgy or
Materials Science.
The candidate must have knowledge of electron characterisation methods and basic electrochemical
methods to test corrosion of alloys.

Potential Collaborators
None at this stage
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