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Key Questions for the OLI Expert: 

 
• Why is thermodynamics important for corrosion? 

Corrosion science and engineering are inherently interdisciplinary. To understand, predict, and mitigate 
corrosion, it is necessary to know the properties of corrosive environments, the metallurgical properties 
of the alloys that undergo corrosion, and the interactions between the metals and the environment, 
which are in turn determined by the interfacial reactions and mass transfer effects. Thermodynamics is 
of tremendous help in two areas – it allows us to understand the properties of corrosive environments 
and it helps us determine the equilibrium state for the reactions at the metal-environment interface. 
 

• Specifically, what are the properties that we need to know? 
First of all, we need to determine the availability of species that are relevant to corrosion. This means 
that we need to know phase equilibria between aqueous, gaseous, solid and potentially other liquid 
phases. By knowing how potentially corrosive species partition between these phases, we can know 
their availability in the aqueous phase, which may cause corrosion when it is in contact with a metal. 
For example, aggressive species such as hydrogen sulfide or carbon dioxide will partition between 
aqueous, gaseous, and hydrocarbon-rich phases and we need to know their availability in the aqueous 
phase. Second, we need to know the activities of aggressive or inhibitive species in the aqueous 
phase. The solution pH is here the prime example – when evaluating the possibility of corrosion, we 
always need to ask about the pH. Third, we need to know the behavior of corrosion products and the 
stability of solid phases. In particular, do the solid corrosion products form protective or non-protective 
layers? Fourth, thermodynamics allows us to design laboratory experiments that will mimic the 
corrosive environments in the field or in industrial processes. For example, it would be difficult to 
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 conduct corrosion experiments deep in an oil-producing well, but thanks to thermodynamics, we can 

simulate the corrosive environment in an autoclave experiment in a laboratory. 
 

• When was the importance of thermodynamics in corrosion recognized? Could you give us 
some historical background? 
The recognition of the importance of thermodynamics in corrosion goes back to the seminal work of 
Marcel Pourbaix, which was initiated in the 1940s and became widely accepted in the 1960s. Pourbaix 
created what later became known as Pourbaix diagrams, which allow us to visualize corrosion, 
immunity or passivation of metals using two easy-to-understand independent variables – pH, which 
represents the acidity or basicity of the environment, and potential, which controls oxidation-reduction 
reactions.  
 

• Does this mean that Pourbaix’s work solved all the problems in the thermodynamics of 
corrosion? 
Not at all. As brilliant as the Pourbaix diagrams are, they cannot predict the solution pH or the 
oxidation-reduction potential. For this purpose, we need a good thermodynamic model. Second, the 
Pourbaix diagrams were originally constructed for ideal solutions, which reduced their applicability to 
very dilute solutions. Solution nonideality is very important because we would not be able to predict 
phase equilibria with any acceptable accuracy without accounting for solution nonideality. 
 

• This means that nonideality is extremely important. Are there any other important factors that 
need to be taken into account?  
Absolutely. We need to understand the solution chemistry and put it into the right mathematical 
framework. All aqueous systems are reactive and we need to account for all the species and reactions 
that may occur in aqueous solutions. For starters, even pure water dissociates into hydronium and 
hydroxyl ions. Any acid gas such as CO2 or H2S partially dissociates into ions. Dissolved metal ions 
undergo hydrolysis reactions and form series of hydrolyzed species with variable charges and numbers 
of oxygen and hydrogen atoms. Then, cations and anions form ion pairs and charged complexes. 
Some of those complexes are formed between metal cations and aggressive species in the solution, 
thus accelerating corrosion. Finally, cations and anions may form various solids if the solubility limits 
are exceeded. All this means that we may be dealing with dozens or, more often, hundreds of species 
in a corrosive system. Determining the complex speciation is one of the primary tasks of electrolyte 
thermodynamics. Without a realistic treatment of speciation, we would not be able to predict the pH or 
the behavior of corrosion products. 
 

• What have been the recent advances in understanding the role of thermodynamics in 
corrosion? 
Recently, we have witnessed progress in understanding the role of nonideality in corrosion. In 
particular, corrosion phenomena such as sulfide stress cracking or stress corrosion cracking have been 
shown to correlate with the fugacity of acid gases such as hydrogen sulfide. Corrosion engineers no 
longer expect to characterize high-pressure, high-temperature environments using simplistic quantities 
such as partial pressures of acid gases and chloride concentration. Instead, they expect sophisticated 
thermodynamic models that predict not only fugacity, but also the detailed speciation of corrosive 
environments and corrosion products. 
 

• What does OLI offer for the prediction of thermodynamics of corrosion? 
The key technology that OLI offers is the Mixed-Solvent Electrolyte (or MSE) model and its variant for 
high-pressure systems containing various gases and nonelectrolytes, called MSE-SRK. This 
technology allows us to predict both phase and chemical equilibria. This is due to the fact that the MSE 
model combines the standard-state properties of both electrolyte and nonelectrolyte species with an 
excess Gibbs energy model that allows us to reproduce solution nonideality all the way from aqueous 



 

 © Copyright 2020 OLI Systems, Inc. The information contained herein is subject to change without notice. OLI 
Systems, Inc. shall not be liable for technical or editorial errors or omissions contained herein. 

October 2020 

 

CONVERSATIONS WITH OLI EXPERTS 
think simulation | getting the chemistry right 

 
 to nonaqueous solutions. The MSE model is implemented in the OLI software, including the OLI 

Analyzer Studio and OLI Flowsheet. Furthermore, the OLI software can generate Pourbaix diagrams 
and also, an extended version of the Pourbaix diagrams in which we are not limited to pH and potential 
as independent variables, but we can also study the effects of concentrations of various species, 
temperature, and their interplay. We call these diagrams real-solution stability diagrams because they 
are generated for real, i.e., non-ideal solutions and at the same time, they utilize the same visualization 
methodology as the well-known Pourbaix diagrams. 
 

• Can you give us examples of how OLI’s thermodynamic predictions can be used for real-world 
corrosion applications? 
Absolutely. In many cases, thermodynamics can predict conditions when corrosion is a threat and when 
it is not. Let us take refinery overhead chemistry as an example. In this case, various amines are added 
as neutralizing agents to mitigate the effect of the presence of hydrogen chloride, which results from the 
hydrolysis of salts in refinery processes. However, the reactions between amines and hydrochloric 
acids can cause corrosion problems because they form potentially corrosive amine hydrochlorides. The 
formation of amine hydrochlorides is a sensitive function of many factors, such as partitioning of amines 
between gas and hydrocarbon phases, temperature, pressure and above all the details of the physical 
properties of the amines. The behavior of such complex mixtures can be predicted by thermodynamics! 
We can predict, for example, the ionic dew point, which is the condition for the incipient formation of a 
concentrated corrosive solution, the salt point or the formation of the solid hydrochlorides and the water 
dew point, at which the liquid phase ceases to be corrosive. Another example is our recently completed 
project on hydrogen fluoride alkylation. Here, the corrosion is related to the water content in HF-
containing phases. By combining an accurate thermodynamic model for mixtures of HF, hydrocarbons, 
water, and fluorocarbons with process simulation of the alkylation unit, we can predict at what 
conditions the phases are corrosive.  
 

• Are there any remaining, still unsolved challenges? 
Very much so. In most cases, the challenges are related to the limited availability of experimental data. 
For example, there are major limitations in the data for such practically important corrosive agents as 
hydrogen sulfide especially at high-pressure, high-temperature conditions. I should note here that 
hydrogen sulfide is the primary factor that affects, together with chloride ions, important corrosion 
phenomena such as sulfide stress cracking and stress corrosion cracking. If the data were available, 
we would be able to make predictions of corrosivity with much greater confidence at conditions where 
direct corrosion assessment is difficult and the consequences of corrosion failure are severe. This is 
why OLI is planning to join forces with the Southwest Research Institute to investigate the behavior of 
hydrogen sulfide as a corrosive agent at HPHT conditions and we invite the participation of industry 
partners in this endeavor. 
 

• How can our viewers learn more about the thermodynamics of corrosion? 
For further details, please see our papers about the relationship between thermodynamics and 
corrosion: 

• S. Smith, A. Anderko, and P. Wang, “Non-Ideal Gases and Solutions, Complexes and Ion Pairs 
in Corrosion,” CORROSION 2017, paper no. C2017-8835, New Orleans, LA, March 26-30, 
2017. 

• S. Smith, A. Anderko, and P. Wang, “Effects of Non-Ideal Chemistry on Corrosion Testing,” 
Materials Performance, 56 (2017) 44-47 

• M.M. Lencka, J.J. Kosinski, P. Wang, and A. Anderko, “Thermodynamic modeling of aqueous 
systems containing amines and amine hydrochlorides: Application to methylamine, morpholine, 
and morpholine derivatives,” Fluid Phase Equilibria, 418 (2016) 160-174. 

 
Also, please contact us for further information about our simulation technology. 


