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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 entering 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 electrodeposition, studies of hydrogen in Pressure Tube 
(PT) material, and electrochemical condition monitoring generally. 
The materials studied range from industrial alloys through pure 
laboratory melts to simulated alloy lattices. 
 
The group is well equipped for electrochemistry and microscopy, 
including atomic force microscopy, and has a small facility for high-
temperature, high-pressure testing in water, steam or aqueous 
solutions. Collaborations are under way with most local universities 
that have UNENE programs (McMaster, Western, Queen’s, Waterloo), as well as internationally 
(Johns Hopkins, Manchester, Arizona State, etc.). New state of the art local facilities for electron 
microscopy and surface analysis are now available, thanks to a large infrastructure grant: the 
OCCAM facility. 
 
The IRC research takes place alongside research in corrosion aspects of nuclear waste 
management. The group also has interests in aerospace, oil-and-gas and pulp-and-paper, and 
has been funded in both phases of the NSERC-NRCan-AECL Generation IV nuclear program. 
Research on metallic nanomaterials is funded by NSERC. 
 
 
Program Results / Highlights 

PhD students Suraj Persaud and Mariusz Bryk have continued their mechanistic studies of 
stress corrosion cracking in steam generator tubing alloys and their model-alloy counterparts. 
Along with Senior Research Associate Anatolie Carcea, they have developed an improved 
understanding of the factors controlling the remarkably effective performance of Alloy 800 in 
high-temperature aqueous environments. This is timely, in view of the increased international 
interest in this material, with regular conferences being held in Toronto. In fact the international 
interest is less concerned with steam generator tubing than with the potential of Alloy 800 to 
replace ordinary austenitic stainless steels for piping and ancillary core structures in pressure-
vessel types of reactor. Canadian experience with this material is a major factor in this growing 
activity. 
 
Suraj Persaud furthered his work on NiCrFe alloys in a hydrogenated steam environment, 
considered to simulate primary water.  Recent atom probe tomography (APT) work at McMaster 
University allowed for analysis of oxidation processes in Alloy 600 at the atomic scale.  For the 
first time, the path used for Ni expulsion during intragranular internal oxidation was identified, 
Figure 1.  Also, identification of atomic scale processes which may influence primary water 
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stress corrosion cracking were identified at a brittle grain boundary, such as intergranular 
segregation and oxidation of Ti; a general APT map at the grain boundary is shown in Figure 2. 
Further APT work is currently underway on Alloy 600 in the thermally treated condition and to 
identify processes occurring ahead of intergranular oxides. 

 

Figure 1: APT of a metallic Ni nodule on the surface and the internal Cr-rich oxide below in Alloy 
600 exposed to 480 °C hydrogenated steam.  The path  of Ni metal expulsion is visible, likely 
along oxide-metal interfaces.  Also, oxidation and segregation of minor species are identifiable 
at the atomic scale. Note that Cr is present in the light blue (O-rich) areas, along with Fe, but the 
red area of almost pure Cr2O3 is highlighted in this particular image. 

 

 

Figure 2: APT of a grain boundary in Alloy 600 exposed to 480 °C hydrogenated steam.  
Various atoms present are identified.  Further work revealed the presence of a 2-3 nm wide Ti-
rich oxide at the grain boundary. Note that the apparent discontinuity in the grain boundary was 
due to a minor fracture event during evaporation of the sample. 
 

Further work on Alloy 690 and Alloy 82 dissimilar metal welds in a similar environment revealed 
features which help explain the PWSCC resistance observed in these alloys.  Alloy 690 forms 
an external, protective Cr-rich oxide at grain boundaries which impedes intergranular oxygen 
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diffusion; oxidation processes identified in Alloy 690 are shown in Figure 3. The observation of 
internal oxidation intragranularly in this material (29% Cr) is unique, and believed to be a new 
low-temperature phenomenon (internal oxidation being usually studied at much higher 
temperatures, where 29% Cr would always produce an external oxide). Dilution of the weld 
metal by carbon steel results in Alloy 82 dissimilar metal welds having elevated Fe and depleted 
Cr contents which allows for external Cr- and Fe- oxide formation intergranularly. Similar work is 
currently underway on Alloy 800.  Also, a recent proposal with CNL was accepted that will allow 
for exposures in a high temperature primary water loop for comparison with the simulated 480 
°C hydrogenated steam environment. Initial TEM work  supports the idea that the 480 °C 
environment is a valid accelerated simulation of extended primary water exposure, with very 
similar grain boundary oxide chemistries. 
 

 

Figure 3: A high resolution SEM image highlighting the features of interest in a FIB trench in 
Alloy 690 after exposure to hydrogenated steam at 480 °C. The processes of external surface 
oxidation on grain boundaries and internal intragranular oxidation are described. 
 
 
The Research Group (HQP) 
 
As of December 2014, the group consisted of 4 PhD students, 5 MASc students, one 
postdoctoral fellow, and 2 Senior Research Associates. Several undergraduates and MEng 
students also contributed. About 2/3 of this effort was supported by the IRC program. One 
Masters student graduated in 2014. Two PhD students graduated, and are currently working at 
CNL. With the recent renewal of the IRC the group will grow significantly over the next year.  
Three Masters students and one PhD student will be graduating over the next year. The group 
provides expertise in electrochemical and corrosion studies to students and staff from other 
groups of our department, as well as other U of T departments and faculties. 
 
 
Research Facilities 
 
Lab facilities include comprehensive equipment for electrochemistry, an atomic force 
microscope, and autoclaves for electrochemical corrosion and stress corrosion studies, as well 
as small-scale metal working equipment and advanced optical microscopy.  A cold crucible 
induction melter is being purchased and will be used for the production of model alloys; also a 
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dedicated autoclave system will be purchased for studies of lead effects in collaboration with 
CNL. As mentioned, the new state of the art OCCAM facility is now available in the same 
building. Advanced analytical electron microscopy has historically been done in collaboration 
with the National Centre at McMaster University, but will largely be transferred to the OCCAM 
facility; however scientific collaboration with McMaster will continue.  
 
 
Interactions / Consultations with Industry 
 
There has been continuing consulting assistance to OPG in the area of electrochemical 
monitoring in reinforced concrete. The contractor started site work in 2012 and data are being 
analyzed as they are produced. 
 
Laboratory test-development studies were carried out in support of a stress corrosion issue in 
the Canadian nuclear industry, as subcontractor to Kinectrics Inc. 
 
The group hosted a one-day international meeting on SCC precursors organized by CNL and 
COG in November 2014. 
 
 
Publications 
 
Invited presentations were given at the following conferences or workshops  –  
 
First International Symposium on Nanoporous Materials by Alloy Corrosion, Lake Bostal, 
Germany. 
 
Gordon Research Seminar – Aqueous Corrosion, New London, NH (given by Suraj Persaud). 
Alloy 800 International Workshop, Toronto. 
 
The following journal papers, conference papers and book chapters were published or accepted 
in 2014. A star indicates that the UofT portion of the research was mostly supported by the IRC.  
 
Adrian Vega, Roger C. Newman, Nanoporous Metals Fabricated through Electrochemical 
Dealloying of Ag-Au-Pt with Systematic Variation of Au:Pt ratio, J. Electrochem. Soc.,161 C1-
C10 (2014). 
 
Adrian Vega, Roger C. Newman, Beneficial Effects of Adsorbate-Induced Surface Segregation 
of Pt in Nanoporous Metals Fabricated by Dealloying of Ag-Au-Pt Alloys, J. Electrochem. 
Soc.,161 C11-C19 (2014). 
 
Jaganathan Ulaganathan and Roger C. Newman,  The Role of Local Strains from Cold Work on 
Stress Corrosion Cracking of Alpha-Brass in Mattsson’s Solution, Materials Characterization, 
92, 127-137 (2014).* 
 
S.Y. Persaud, A.G. Carcea, J. Huang, A. Korinek, G.A. Botton, and R.C. Newman, Analytical 
Electron Microscopy of a Crack Tip Extracted from a Stressed Alloy 800 Sample Exposed to an 
Acid Sulfate Environment, Micron, 61, 62-69 (2014).* 
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S.Y. Persaud,  R.C. Newman, J. Huang, and G.A. Botton, Internal Oxidation of Alloy 600 
Exposed to Hydrogenated Steam and the Beneficial Effects of Thermal Treatment, Corros. Sci. 
86 108-122 (2014).* 
 
S.Y. Persaud, S. Ramamurthy, and R.C. Newman, Internal oxidation of alloy 690 in 
hydrogenated steam, Corros. Sci., in press (2015).* 
S.Y. Persaud, A.G. Carcea, and R.C. Newman, An electrochemical study assisting the 
interpretation of acid sulfate stress corrosion cracking of NiCrFe alloys, Corros. Sci., in press 
(2015).* 
 
S.Y. Persaud, S. Ramamurthy, R.C. Newman, The Effect of Weld Chemistry on the Oxidation of 
Alloy 82 Dissimilar Metal Welds, Corros. Sci., in press (2015).*  
 
A.B. Cook, N. Gunther, N.P.C.  Stevens, R.C. Newman, D. Engelberg, S.B. Lyon and G. 
McFiggans, Assessing the Risk of Under-Deposit Chloride-Induced Stress Corrosion Cracking 
in Austenitic Stainless Steel Nuclear Waste Containers, Corrosion Engineering Science and 
Technology, 49 529-534 (2014). 
 
N. Stewart McIntyre, Jaganathan Ulaganathan, Todd Simpson, Jinhui Qin, Nathaniel Sherry, 
Michael Bauer, Anatolie G. Carcea, Roger C. Newman, Martin Kunz, Nobumichi Tamura, 
Mapping of Microscopic Strain Distributions in an Alloy 600 C-Ring after Application of Hoop 
Stresses and Stress Corrosion Cracking, Corrosion, 70 66-73 (2014).* 
 
N.S. McIntyre, J. Ulaganathan, T. Simpson, J. Qin, N. Sherry, A.G. Carcea, R.C. Newman, M. 
Kunz, and N. Tamura, Microscopic Cracking on Flat Alloy 600 Surfaces following Accelerated 
Caustic Corrosion: Mapping of Strains and Microstructure during the Corrosion Process, 
Corrosion, in press (2015).* 
  




