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University of Toronto – Roger C. Newman IRC 

 

UNENE/NSERC IRC Program:  Corrosion Control and Materials 

Performance in Nuclear Power Systems 
 
 
Overview 
 
This IRC program is in its third 5-year term, which began in September 
2014. The research  focuses on mechanisms, prediction and control of 
metallic corrosion, with ancillary activities such as studies of hydrogen in 
pressure tube material and electrochemical condition monitoring 
generally. The materials studied range from industrial alloys through pure 
laboratory melts. 
 
The IRC research takes place alongside studies of copper corrosion 
relevant to nuclear waste disposal, funded by NWMO. Roger Newman 
also holds NSERC Discovery and Discovery Accelerator grants for 
research in nanoporous metals.  
 
 
2016-2017 Highlights 
 
Collaboration with the CCEM, McMaster University, and former PhD student Suraj Persaud, 
now at CNL, continued to produce high-quality output in the high-resolution characterization of 
cracks and surface corrosion, using analytical electron microscopy and atom-probe tomography 
(APT). A number of MASc students have been working on a diverse range of topics, including 
lead effects on corrosion, internal oxidation, and the stability of sulfate in steam generator 
crevice environments (and the effects of the resulting reduced sulfur species). A localized 
corrosion modeling activity was started early in 2017, focusing on phenomena relevant to 
nuclear steam generators, but also with a broader strategic aim of making the group self-
sufficient in reaction-transport modeling.   
 
The high-resolution characterization of cracks is of keen interest to industry, especially the 
achievement of relatively routine cross-sections of crack tips and subsequent TEM study. In the 
coming years, such studies will become routine for the analysis of plant artefacts, a huge leap 
forward compared with the conventional SEM era. 
 
There are strong synergies between the IRC research and the group’s research on nanoporous 
metals. MASc student Ayman El-Zoka is plating foreign metals into nanoporous metallic 
corrosion products, so that they can be interrogated by APT without fracturing under the 
stresses inherent in this technique (see Materials Characterization, 128, 269-277 (2017)). 
Again, in future this will lead to advances in the nanoscale study of important plant-related 
phenomena. 
 
Some specific highlights are presented below. Figure 1 shows the level of detail that can be 
achieved in electron energy loss spectroscopy of internally oxidized Alloy 600. Similar studies of 
other steam generator tubing alloys (800, 690) are revealing the reasons for their superior 
performance. 
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Figure 1  From a presentation by Suraj Persaud, this slide shows how selective grain 
boundary oxidation (the dark contrast in the left image) promotes grain boundary migration, 
with associated subtle changes in alloy composition. For the full study, see B. Langelier, 
S.Y. Persaud, A. Korinek, T. Casagrande, R.C. Newman and G.A. Botton, Effects of 
Boundary Migration and Pinning Particles on Intergranular Oxidation Revealed by 2D and 
3D Analytical Electron Microscopy, Acta Mater., 131, 280-295 (2017). 
 

Figure 2 shows results of a reaction-transport modelling study by MASc student Anh Nguyen. 
The work addresses a historically important issue in localized corrosion – the different behaviour 
of the pitting potentials of carbon steel and stainless steel as the bulk chloride concentration is 
varied. In his classic 1976 paper, J.R. Galvele showed that the pitting potential, Epit, should have 
the following relation with bulk NaCl concentration –  
 

Epit = A – B log [NaCl] 
 
and identified B as 0.059 V at room temperature, which is 2.3RT/F. However, many studies over 
the past decades have shown that stainless steels have a B value close to 90 mV. We 
hypothesized that this could be linked with complexation of Cr III by Cl-, although the literature 
values for the stability constants of such complexes are scattered. The results shown in Figure 2 
give gratifying evidence for the feasibility of this explanation, although more work is required. 
Depending on which complex is assumed to be dominant, B values of 80 to 110 mV are 
predicted. In thiosulfate solutions, relevant to nuclear steam generator corrosion, much lower B 
values are predicted, which accounts for some of the special severity of thiosulfate effects. 
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Figure 2  Predicted pitting potential variation for Fe-17Cr, assuming different chromium 

complexes with high stability constant (the potential is the ohmic part only; CFe assumed 

constant at the bottom of the pit). 

 
 
The Research Group and its Facilities 
 
As of March 2017, the group consisted of 3 PhD students, 7 MASc students, 2 postdoctoral 
fellows, and 2 Senior Research Associates. Several undergraduates and MEng students also 
contributed over this reporting period. About 2/3 of this effort was supported by the IRC 
program.  
 
The group is well equipped for electrochemistry and microscopy, including atomic force 
microscopy, and has a growing facility for high-temperature, high-pressure testing in water, 
steam or aqueous solutions. An Arcast cold-crucible induction melter was delivered and 
commissioned in mid-2016. A new feature this year is the plan for a rapid increase in the 
exploitation of the recently acquired OCCAM facility for electron microscopy and surface 
science. Particular students are being trained to use some of the advanced methods personally. 
 
Three recent graduates (Adrian Vega, Jagan Ulaganathan, Suraj Persaud) are now working at 
Canadian Nuclear Laboratories.  
 
 
Examples of Specific Industry Interactions 
 
There has been continuing consulting assistance to OPG in the area of electrochemical 
monitoring in reinforced concrete for life prediction of dry storage containers for used nuclear 
fuel. The contractor started site work at the Darlington WMF in 2012, and data are being 
analyzed as they are produced. 
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Roger Newman assisted Amec Foster Wheeler with a major assessment related to the return to 
service of a Candu unit. We also assisted OPG with diagnosis and laboratory testing for a form 
of Monel corrosion, and hosted a summer student who had done his PEY in OPG, to develop a 
corrosion test applicable to this system. 
 
Roger Newman visited EPRI with CNL personnel to present at the EPRI Extended Storage 
Collaboration Program (ESCP) winter meeting (see below). 
 
Joint research continues, and is being planned, with particular personnel at CNL including 
former PhD student Suraj Persaud. 
 
 
Public Output 

Roger Newman gave invited presentations at the following events –  
 
R.C. Newman, Extension of Galvele's pit model to the effects of numerous variables on pitting of 
stainless steels, Memorial Symposium for Jose Galvele, NACE International annual conference, 
Vancouver, 2016. 
 
S.Y. Persaud, R.C. Newman, G.A. Botton, A. Korinek and B. Langelier, Three Dimensional 
Characterization of Intergranular Oxidation and Embrittlement in Alloy 600 after Exposure to 480 
°C Hydrogenated Steam, Canadian Materials Science Conference, Hamilton, 2016. 
 
R.C. Newman, Atmospheric CISCC of austenitic stainless steel – some international 
perspectives, EPRI Extended Storage Collaboration Program (ESCP) winter meeting, Charlotte, 
NC, 2016. 
 
Huichao Bi, Dorota Artymowicz, Emilija Ilic and Roger Newman, Corrosion of Copper in Pure 
Water and Complexing Anoxic Aqueous Solutions, 6th International Workshop on Long-term 
Prediction of Corrosion Damage in Nuclear Waste Systems, Toronto, 2016. 
 
Numerous contributed talks and posters were given by members of the group at academic and 
industrial events.   
 
The following journal articles were published or accepted, in addition to various conference and 
workshop papers –  
 
S.Y. Persaud and R.C. Newman, A Review of Oxidation Phenomena in Ni Alloys Exposed to 
Hydrogenated Steam below 500 °C, Corrosion, 72, 881-896 (2016).  
 
A.A. Vega and R.C. Newman, Methanol electro-oxidation on nanoporous metals formed by 
dealloying of Ag-Au-Pt alloys, J. Appl. Electrochem., 46, 995-2010 (2016). 
 
S.Y. Persaud, R.C. Newman, A. Korinek, G.A. Botton, The influence of the high Fe and Cr 
contents of Alloy 800 on its inter- and intragranular oxidation tendency in 480°C hydrogenated 
steam, Corros. Sci., 106, 117-126 (2016). 
 
S.Y. Persaud, R.C. Newman, J. Smith, A. Korinek, G.A. Botton, High resolution analysis of 
oxidation in Ni-Fe-Cr alloys after exposure to 315°C deaerated water with added hydrogen, 
Corros. Sci., 106, 236-248 (2016).  




