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Can you explain what is Flow-Accelerated Corrosion?

Flow-Accelerated Corrosion (FAC) is a well-known source of problems in steam power plants, it is a type of corrosion that takes 
place in carbon steel piping and its components that are exposed to fast-flowing water or wet steam. In this process, the protective 
oxide film on the metal surface is dissolved and removed by the flowing fluid. The exposed metal then undergoes corrosion as it 
re-creates the oxide, causing continuous metal loss. Damages to the piping system caused by FAC can leak and rupture which can 
negatively impact the plant reliability and operating safety.

Why is thermodynamics important for predicting and mitigating Flow-Accelerated Corrosion?

To predict and mitigate Flow-Accelerated Corrosion, it is necessary to understand variables that influence this process. One of the 
key factors affecting FAC is the stability of the protective oxide film, which consists mostly of magnetite and/or other forms of iron 
oxides. The properties of corrosive environments and water chemistries have large impact on the formation and stability of iron 
oxides. Thermodynamics allows us to understand how water chemistries (such as dissolved species and pH) and environmental 
state (such as temperature and redox conditions) affect the formation of iron oxides. Thermodynamics can help to determine 
conditions where these protective oxide film materials are stabilized or dissolved in water and steam. 

What are the specific water chemistries that are critical to predicting FAC?

The chemical speciation in the high-temperature water system plays an important role in Flow-Accelerated Corrosion. This is 
particularly for the chemical speciation associated with dissolution of iron oxides, hydrolysis of the dissolved iron, oxidation-
reduction reactions involving Fe(II) and Fe(III), and complexation of iron species. Any factors influencing these reactions can affect 
the stability of iron oxides, therefore, affecting FAC, because the solubilities of iron oxides are directly related to conditions of FAC. 

As the water chemistry and iron oxide solubilities are so important in predicting conditions of FAC, can you explain a little 
more on how the water chemistries are handled in modeling the solubility of iron oxides? 

In modelling Fe oxide solubilities, we are taking into consideration of several effects related to aqueous chemical speciation: (1) 
hydrolysis of both Fe+2 and Fe+3, (2) oxidation-reduction of iron, (3) complexation of Fe species with coexisting components, 
(4) presence of any components that may affect solution non-ideality. The hydrolysis is one of the characteristic properties in 
aqueous solutions of both Fe(II) and Fe(III). The hydrolysis can yield a series of hydrolyzed species for both oxidation states, and 
are strongly dependent on pH, making the iron oxide solubility a strong function of pH as well. At the same time, the hydrolysis 
and formation of solid iron oxides can be affected by the oxidation-reduction equilibria due to the presence of reducing agents or 
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dissolved oxygen. They can also be affected by complexation of iron with coexisting components such as chloride. In addition, 
these chemical speciation and solubility equilibria can be affected by the activity coefficient effects caused by solution non-ideality 
at elevated ionic strengths. All these effects are also temperature-dependent and have been considered in the thermodynamic 
model. 

What does OLI offer for the prediction of thermodynamics for Flow-Accelerated Corrosion?

The key technology that OLI offers is the Mixed-Solvent Electrolyte (or MSE) model. This technology allows us to predict both 
chemical and phase equilibria. This is due to the fact that the MSE model combines an excess Gibbs energy formulation that allows 
us to reproduce solution nonideality, with the standard-state properties of all aqueous species and solids to determine conditions of 
chemical speciation and solubility equilibria. The MSE model is implemented in the OLI software, including the OLI Analyzer Studio 
and OLI Flowsheet. In addition, the OLI software can generate Pourbaix diagrams to allow visualization of effects of temperature, 
pH, redox potential, and concentrations of added components (such as chloride) on the stability of iron oxides for protecting the 
underlying metal from corrosion.

How does the OLI thermodynamic model help clients to predict and control Flow-Accelerated Corrosion in the piping 
system and equipment components?

As the MSE model provides accurate predictions of the stability and solubility equilibria of the passivating iron oxide films under 
varying conditions at the high-temperature water systems, the model can help the assessment for effects of different variables, 
such as temperature, chloride, pH, redox conditions, on stability and solubilities of the iron oxides. We can use this model in the 
OLI Studio or OLI Flowsheet to predict conditions where iron oxides form and/or dissolve and to determine equilibrium chemical 
speciation, pH, oxidation-reduction potential (ORP) at given temperatures, concentrations of acid, base, chloride, dissolved oxygen 
or reducing agents. This will help clients to understand how solubilities of iron oxides change with these variables. This provides 
quantitative information on predicting conditions where the protective oxide films are stable, so that operation variables can be 
adjusted accordingly to virtually avoid or minimize the flow-induced corrosion. 


