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SUBJECT: 

TRIP REPORT 

The 1 36th Annual Meeting and Exposition of The Minerals, and 
Materials Society 
Project No. 20.06002.01.322; AI No. 06002.01.322.704 

DATElPLAC E: February 25-March 1 , 2007 
Orlando, Florida 

AUTHORS: K. Chiang and Y.-M. Pan 

PERSONS PRESENT: K. Chiang and Y.-M. Pan [Center for Nuclear Waste Regulatory 
Analyses (CNWRA)], A. Csontos [U.S. Nuclear Regulatory 
Commission (NRC)], and about 4,200 representatives from 
various countries and organizations 

BACKGROUND AND PURPOSE OF TRIP: 

The Minerals, Metals and Materials Society Annual Meeting and Exposition featured technical 
symposia with 280 sessions and over 2,500 presentations, technical committee meetings, and a 
vendor exhibition. The main goals of attending the conference were to 

Present a paper authored by the CNWRA staff 

Organize a symposium 

Attend presentations by the U.S. Department of Energy (DOE) contractor staff on the 
high-level waste program 

Gain information on materials and test methods from exhibitors 

Y.-M. Pan was one of the Materials Issues for Advanced Nuclear Systems Symposium 
organizers along with Dr. Raul Rebak (Lawrence Livermore National Laboratory) and Dr. Robert 
Hanrahan (Los Alamos National Laboratory). In addition, CNWRA staff participated in technical 
committee meetings. 

SUMMARY OF PERTINENT POINTS AND ACTIVITIES: 

Technical Program 

The Materials Issues for Advanced Nuclear Systems Symposium included two technical 
sessions, (i) Energy Generation and Waste Issues and (ii) Material Characterization Issues, with 
17 presentations. Summaries of pertinent papers are given below. 

The paper Environmental Effects on Stress Corrosion Cracking of Alloy 22 authored by CNWRA 
staff members K. Chiang, 0. Pensado, P. Shukla, Y.-M. Pan, and D. Dunn was presented. 
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K. Chiang discussed experimental and theoretical work on the environmental effects on stress 
corrosion cracking of Alloy 22. A preliminary performance assessment model considering 
solution chemistry, electrochemical potential, and temperature was presented. The results of 
surface analyses of Alloy 22 were integrated with the slow strain rate test results showing the 
effects of chloride and bicarbonate ions on stress corrosion cracking initiation of Alloy 22. The 
paper was well received, prompted questions, and generated subsequent discussion. 

S. Sakashita (Kobe Steel, Japan) and T. Lian (Lawrence Livermore National Laboratory) 
presented a paper on corrosion resistance of Titanium Grade 7 (Ti-0.2 Pd) and a similar alloy, 
AKOT (Ti-0.4Ni-O.Ol5Pd-0.03Ru-0.15Cr), for drip shields in the Yucca Mountain project. The 
results showed that both AKOT alloy and Titanium Grade 7 have good corrosion resistance in 
solutions containing fluoride and chloride ions. The source of funding is not known to 
the authors. 

R. Rebak and his colleagues from Lawrence Livermore National Laboratory presented two 
papers on structural amorphous metals. The first paper presented results on evaluation of 
impact damage resistance of amorphous coatings. The iron-based amorphous coating 
SAM 1651, deposited by high-velocity oxy-fuel thermal spray techniques, showed a good impact 
resistance with no evidence of cracking. The second paper presented salt fog testing of 
iron-based amorphous alloys. Engineering alloys including Alloy 22 and carbon steel 
101 8 coated with amorphous metals have been exposed to several cycles in salt fog tests and 
showed a good corrosion resistance. While the corrosion resistance of these materials has 
many favorable attributes, in some applications the performance must be maintained after 
significant mechanical deformation. In the subsequent discussion, R. Rebak stated that the 
work was funded under the Science and Technology Program within the DOE'S Office of Civilian 
Radioactive Waste Management and that the structural amorphous metals, still under 
development and characterization, will not be included in the current Yucca Mountain license 
application design. 

Y. Kim (GE Global Research Center) presented information on the methods for life extension of 
structural materials in boiling water reactors. The approaches are based on modifying the 
electrochemical nature of the surface, such as by electrochemical catalysis of noble metals to 
protect reactor parts that tend to degrade in the normal reactor environment, and eventually 
extending plant life to beyond 40 years. 

The Minerals, Metals and Materials Society Titanium Committee sponsored a six-session 
symposium on Innovation in Titanium Technology. The symposium covered the topics of 
microstructures and properties, advances in alloy development, advances in materials 
processing, novel materials and processes, and low cost materials and processing. 

Papers on new alloy development focused on boron-modified titanium alloys. Sweeney from 
Wright State University reported that the addition of a trace amount (-0.1 wt%) of boron to 
titanium alloys refines the as-cast grain size by an order of magnitude. Tests also indicated that 
the room temperature corrosion resistance of the boron containing alloys may be substantially 
greater than conventional titanium alloys. The paper Sweeney presented also noted the 
oxidation kinetics of boron containing alloy up to 650 "C [I ,202 O F ] .  Lieberman of Georgia 
Institute of Technology reported that boron-modified titanium alloys have shown promise for 
viable material design methodologies. The in-situ formation of a titanium-boride reinforcement 
phase during processing allows for flexibility in developing these materials with different 
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microstructures having different properties. Yolton of Crucible Materials Corporation noted that 
inert gas atomization of boron-modified prealloyed powder followed by hot isostatic pressing 
(HIP) to full density is a viable approach for the production of forging and rolling preforms as 
well as HIP components. 

The Bulk Metallic Glasses Symposium included various presentations in seven technical 
sessions. The main theme of the symposium was mechanical properties of a wide range of 
amorphous metals. A keynote presentation by A. Greer from University of Cambridge reviewed 
recent work on the mechanism of operation of shear bands and prospects for optimizing the 
plasticity of metallic glasses. Experimental measurements of the temperature rise at shear 
bands suggested that there is significant heating, but the amount of heat is not sufficient to 
induce shear bands. Shear localization in metallic glasses is attributed to structural change. 
Greer concluded with a few prospects for improving the plasticity of metallic glasses, including 
choice of glass composition, controlled heterogeneity within the glass, and surface deformation 
to give a compressive residual stress. 

M. Li (Georgia Institute of Technology) discussed the deformation mechanisms in metallic 
glasses. Li investigated atomic volume change and the quantitative correlations between the 
volume changes and shear softening in metallic glasses subjected to shear deformation. 
Results obtained from extensive atomistic modeling showed that the local volumetric change 
does occur during the deformation process. A direct consequence of the localized deformation 
is the decrease of the local shear modulus of the metallic glasses. Atomistic modeling also 
indicated that shear localization is a result of the volume-expansion-induced 
mechanical softening. 

Technical Committee Activities 

The Technical Committee meeting on Nuclear Materials was attended by K. Chiang and 
A. Csontos (NRC). The Nuclear Materials Committee will sponsor an advanced nuclear 
materials symposium in the 2007 Materials Sciences and Technology Conference and the next 
Minerals, Metals and Materials Society Annual Meeting. Y.-M. Pan served as Vice Chair of the 
Corrosion and Environmental Effects Committee and attended the committee meeting for future 
programming and symposia planning. In addition, K. Chiang participated in the Titanium 
Technical Committee meeting and was elected as a committee member. 

CONCLUSIONS 

The conference provided an opportunity to follow the DOE-supported activities related to the 
potential repository at Yucca Mountain. In addition, many symposia had papers that are 
relevant to the performance of engineering alloys that are used in reactors as well as those that 
may be used in the potential repository. 

PROBLEMS ENCOUNTERED 

None. 

PENDING ACTIONS 

None. 
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RECOMMENDATIONS 

Attendance at future meetings of The Minerals, Metals and Materials Society is highly 
recommended as well as participation in selected committee meetings. 
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