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Highlights of Accomplishments:

. A total of (24) papers have been submitted and/or published since the beginning
of this 3-year grant( none of the papers published during the previous grant from 2003-
2007 are listed). In addition, there are several other manuscripts currently under
preparation.

. Several of the papers report on analytical derivations, finite element simulations,
microstructural development and small angle scattering experiments in Waspaloy nickel
base superalloys as well as neutron reflectometry of other materials.

. The most important new contribution for this grant was the development of a
microstructural model, based on analysis of the small angle scattering spectra that can
relate the measured resistivity to the precipitate population present in precipitation
hardened alloys, and in particular for Waspaloy, a nickel base superalloy.

. The list of papers also include reports of some of the activities carried out while
the P.I. was on sabbatical at the Center for Nanophase Materials Sciences at Oak Ridge
National Laboratory during the 2007-2008 academic year and their continuation.

. USAXS experiments were carried out at the APS in September 2007 and March
2008. The results from the September runs were reported at the DOE Contractors
Meeting in October 2007. We also presented research posters at the APS users workshop
in May 2007, May 2008 and May 2009. Some of the USAXS results were also presented
at the MS&T conference in Pittsburgh in October 2009 and the MRS Spring Meeting in
San Francisco in April 2010.

. We also acquired SANS data at the HFIR facility on five separate occasions
(April 2008, July 2008, January 2009, December 2009 and January 2011). The main
advantage of using SANS is that much thicker specimens can be evaluated and thus
sample preparation is less onerous than for the extremely thin USAXS specimens
required. During the December 2009 run, we carried out the first in-situ precipitation
hardening run. We presented a paper at the International Conference on Neutron
Scattering held in Knoxville, TN in May 2009 and also presented the SANS results at the
International Conference on Superalloys in Pittsburgh in October 2010. As a result of
that conference, we were invited to give an invited talk at the THERMEC Conference
held in Montreal in August 2011. Some of the SAN S results were also presented at the
Spring 2010 MRS meeting described earlier.

. Two graduate students were fully funded by this grant. V. Siva Kumar G.
Kelekanjeri, who graduated with his PhD in 2007 and stayed on as a post-doc for a year.



The second student that was fully funded was Ricky L. Whelchel, who started out as an
undergraduate researcher in 2006 and graduated with a M.S. in August 2011. He was
awarded Best Presentation at the International Bodycote Competition in Manchester,
England in April 2008. The award winning paper appeared in the International Heat
Treating and Surface Journal in 2009. More recently, Prof. Gerhardt and Mr. Whelchel
were awarded an American Society for Non-destructive Testing Fellowship (ASNT),
which is being used to conduct the last set of experiments that will be published.

. A paper reporting the usage of the AFM to characterize the microstructure of
superalloys was published in the MRS online proceedings for Fall 2007.
. During the 2008-2009 academic year, a second Ph.D. student, Will Gibson, was

hired in order to begin evaluating metallic alloys used in fuel cell interconnects. At that
time we tried to establish a collaboration with the Fuel Cell group at Pacific Northwest
National Laboratory. Unfortunately, the student had a change of heart and decided to
leave graduate school in May 2009.

. Several other graduate students benefitted from this grant (Chunqing Peng, Salil
Joshi and Rachel Muhlbauer). The first two were fully funded by the Institute for Paper
Science and Technology at Georgia Tech but their work benefited from the Scanning
Probe Microscope and the neutron scattering and neutron reflectometry work that was
initiated while the Pl was on sabbatical at Oak Ridge National Labs during the 2007-2008
academic year. Rachel Muhlbauer started her PhD in August 2010 and is now being
funded via an NSF-IGERT scholarship. Four papers have already been published by this
group of students and there are more in preparation.

Sabbatical related activities

. The principal investigator spent her sabbatical year (June 2007-June 2008) at the
Center for Nanophase Materials Sciences at Oak Ridge National Laboratory funded in
part by CNMS, this DOE grant, Georgia Tech and her other research grants. She worked
primarily with the Nanophysics group learning more hands-on techniques with the AFM
and helping the CNMS establish two impedance spectroscopy based facilities:

o She helped order and install an impedance spectroscopy facility to study solar cell
type materials and other materials that can undergo changes upon exposure to
different wavelengths of light. She is currently working with several members of
the Functional Nanomaterials group on carbon nanotube based devices and other
materials and it is anticipated that several publications will be forthcoming.

o She is currently finalizing the software needed to interface impedance analyzers
with scanning probe microscopes so that impedance spectra can be acquired in a
data array fashion. This has been possible because the nanophysics group had
already been able to accomplish this task for PiezoForce Microscopy (referred to as
SS-PFM). Nevertheless, the PIs background in impedance spectroscopy has been
instrumental in making this project a reality. At least two papers are expected to be
outcomes of this activity.

o Both of these facilities will be unique around the world and many users have
already shown substantial interest in being able to use them.

o At the same time, the PI has benefited tremendously from being at ORNL and has
started several other collaborations:



* (Characterization of some high surface area metallorganic
terephthalates ( a paper based on this work was published in 2009).

* Development of standards for accurate electrical properties
characterization using AFM/SPMs. Thermally oxidized films were
patterned on silicon wafers and electrode patterning and sizes were
developed so that stray capacitance determination could be
standardized in the future. This project is continuing. In order to
assist with the standard characterization, a post-doc was hired to
assist with some finite element simulation that could predict the
expected properties as a function of frequency. Tremendous
progress was made during the short time that Dr. Surajit Kumar
worked on this project and several manuscripts have been drafted
but have not yet been published. Dr. Kumar is no longer working
in Prof. Gerhardt’s group as he was able to secure an industrial
position.

* Neutron reflectometry measurements were initiated in November
2009 at the SNS in collaboration with Dr. Valeria Lauter. We are
looking at the structure of layer by layer assembled ITO thin films.
The first paper on this technique was published in 2011. More
papers are in preparation and will be used as the starting point for a
future DOE BES research grant.
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