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1.1 MODELING OF FRICTION STIR WELDING PROCESS FOR FUSION ENERGY
APPLICATIONS -  G. Aramayo, B. Radhakrishnan, S. A. David, G. Sarma and
S. S. Babu (Oak Ridge National Laboratory)

The flow field in the work-piece in the vicinity of the tool during friction stir
welding is modeled using two different approaches. In the first approach both the
tool and the work-piece are modeled together using an arbitrary Eulerian
Lagrangian (ALE) technique. In the second approach the work-piece is modeled
separately assuming that it behaves like a viscous fluid. The current limitations in
the analysis code DYNA are discussed, and preliminary computational results of
flow modeling are presented.
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1.2 INVESTIGATION OF THE EFFECT OF A LOW-OXYGEN LITHIUM
ENVIRONMENT ON THE CREEP OF THE V-4Cr-4Ti ALLOY –
M. L. Grossbeck (Oak Ridge National Laboratory), R. J. Kurtz (Pacific Northwest
National Laboratory), L. T. Gibson and M. J. Gardner (Oak Ridge National
Laboratory

In order to evaluate the effect of decreasing oxygen concentration on creep
behavior in vanadium alloys, high temperature pressurized tube specimens of V-
4Cr-4Ti were exposed to molten Li and the deformation in the tubes monitored
periodically by laser profilometry.  It was determined that at 665ºC deformations
were below 0.05% for all stresses in the range of 59-117 MPa effective stress at
1105 hours and below 6% at 765ºC at 1927 hours.  However, deformations over
20% were reached at 800ºC at times as short as 100 hours for a stress level of
100 MPa and 30% at 457 hours at a stress level of 91 MPa.  At all temperatures,
it is evident that creep rates are higher in the Li environment where oxygen
levels decreased compared to a vacuum environment where the oxygen levels
increased.
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2.0 CERAMIC COMPOSITE MATERIALS 12

2.1 EFFECT OF FIBER/MATRIX INTERFACIAL PROPERTIES ON MECHANICAL
PROPERTIES OF UNIDIRECTIONAL CRYSTALLINE SILICON CARBIDE
COMPOSITES - T. Hinoki, L. L. Snead and E. Lara-Curzio (Oak Ridge National
Laboratory), J. Park, Y. Katoh and A. Kohyama (Kyoto University)

The interfacial properties of CVI-SiC matrix composites reinforced with various
fibers (Hi-Nicalon™ Type-S and Tyranno™ SA) and with various fiber/matrix
interphase (C, multilayer C/SiC, ‘porous’ SiC) were evaluated by single fiber
push-out testing, compression of double-notched specimens (DNS) and
transthickness tensile testing. In turn, these results were correlated with the in-
plane tensile stress-strain behavior of the material. The microstructure and
fracture surfaces were studied by TEM and SEM. The composites reinforced
with Tyranno SA fibers showed brittle fracture behavior, due to large interfacial
shear strength and low fiber volume fraction. In the composites reinforced with
same fibers, the composites with multilayer C/SiC interphase showed brittle
fracture behavior compared with the other composites due to large interfacial
shear strength. The transthickness tensile strength of composites reinforced with
Hi-Nicalon Type-S fibers was larger than that of composites reinforced with
Tyranno SA fibers, although the interlaminar shear strength of both materials
determined by DNS was similar.
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3.0 FERRITIC/MARTENSITIC STEELS 23

3.1 FRACTURE SURFACE OF A REDUCED-ACTIVATION MARTENSITIC STEEL
IRRADIATED IN HFIR - N. Hashimoto (Oak Ridge National Laboratory),
H. Tanigawa (Japan Atomic Energy Research Institute), K. Shiba (JAERI), and
R. L. Klueh (ORNL)

A reduced activation ferritic/martensitic steel, F82H (IEA heat), developed for
fusion energy applications was irradiated at 300 and 500°C to 5 dpa in the High
Flux Isotope Reactor (HFIR).  In order to investigate test temperature and strain-
rate effects on deformation mode, fracture surfaces were examined by scanning
electron microscopy (SEM). Changes in yield strength, deformation mode, and
strain-hardening capacity were seen, with the magnitude of the changes
dependent on irradiation temperature. Irradiation at 300°C led to a significant
loss of strain-hardening capacity with a large change in yield strength. Irradiation
at 500°C had little effect on strength. The fracture surface of the specimens
irradiated at 500°C and 300°C in tests at –100°C with a strain rate of 1x10-4 s-1

showed a martensitic mixed quasi-cleavage and ductile-dimple fracture in the
center. On the other hand, in the specimen irradiated at 300°C, tensile test at
–100 °C with a strain rate of 1x10-1 s-1  resulted in brittle (cleavage) fracture.
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3.2 EFFECT OF HEAT TREATMENT AND TANTALUM ON MICROSTRUCTURE
AND MECHANICAL PROPERTIES OF Fe-9Cr-2W-0.25V STEEL -
R. L. Klueh, N. Hashimoto, and M. A. Sokolov (Oak Ridge National Laboratory)

A reduced-activation steel with a nominal composition of Fe-9Cr-2W-0.25V-
0.07Ta-0.1C (9Cr-2WVTa) was developed for fusion reactor applications. The
steel has excellent Charpy impact properties and shows superior resistance to
irradiation embrittlement. The impact properties of a similar steel composition but
without the Ta (9Cr-2WV) are inferior to those of 9Cr-2WVTa when the steels
are given the same normalizing-and-tempering heat treatment (austenitized at
1050ºC and tempered at 750ºC).  Tantalum refines the grain size, and to
determine the effect of grain size on the Charpy impact properties of the
9Cr-2WV and 9Cr-2WVTa steels, specimens of the two steels were given
different normalization heat treatments to produce different prior austenite grain
sizes, and the tensile and impact properties were determined. Under the
conditions that the microstructures were generated by these different heat
treatments, the 9Cr-2WV steel had impact properties similar to or better than
those of the 9Cr-2WVTa steel. Differences in the microstructures of the steels
were used to explain the observations and what they mean for developing steels
with improved properties for fusion applications.
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6.0 AUSTENITIC STAINLESS STEELS 42

6.1 FINAL RESULTS ON AN EXPERIMENT TO DETERMINE THE LOWER
TEMPERATURE LIMIT OF VOID SWELLING OF STAINLESS STEELS AT
RELATIVELY LOW DISPLACEMENT RATES – S. I. Porollo, Y. V. Konobeev,
A. M. Dvoriashin, and V. M. Krigan (Institute of Physics and Power Engineering,
Obninsk, Russia) and F. A. Garner (Pacific Northwest National Laboratory)

Recent studies associated with light water reactors (LWR) in both the USA and
Russia have raised the question of void swelling in austenitic components of
core internals. One question of particular interest is the range of temperatures
over which voids can develop, especially the lowest temperature. This question
is equally relevant to fusion reactors, especially those operating with water
cooling and therefore exposed to temperatures below those attainable in various
high-flux fast reactors used to generate most of the relevant high fluence data.
To address this question a flow restrictor component manufactured from
annealed X10H18T was removed from the reflector region of the BN-350 fast
reactor. During operation this component spanned temperatures and dpa rates
of direct interest not only to pressurized water reactors (PWRs) in the West and
VVERs in Russia, but also to various proposed fusion devices. This steel is
analogous to AISI 321 and is used in Russian reactors for applications where
AISI 304 would be used in the West. This component was sectioned on a very
fine scale to determine in what range of conditions voids existed. Microstructural
data were obtained for 157 separate locations, with 111 specimens showing
voids over the relevant range of temperatures and displacement rates, allowing
construction of a parametric map of swelling with temperature, dpa and dpa rate.
These data show that void swelling at 10 to 50 dpa persists down to ~306°C for
dose rates in the range 0.1 x 1017 to 1.6 x 107 dpa/sec.
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6.2 THE EFFECT OF VOID SWELLING ON ELECTRICAL RESISTANCE AND
ELASTIC MODULI IN AUSTENITIC STEELS - A. V. Kozlov, E. N. Shcherbakov,
S. A. Averin (Research & Development Institute of Power Engineering Zarechny,
Russia) and F. A. Garner (Pacific Northwest National Laboratory)

Measurements are presented of electrical resistance and elastic moduli (Young’s
modulus and shear modulus) of stabilized austenitic fuel pin cladding after
irradiation in the BN-600 reactor. Additional data are presented on changes in
electrical resistivity of another stabilized austenitic steel irradiated in the BN-350.
The elastic moduli are reduced and the electrical resistance is increased as the
neutron dose increases. These changes are correlated with void swelling
measured on the same specimens. Dependencies of these changes in physical
properties on neutron irradiation dose, temperature and swelling level are plotted
and it is shown that to the first order, the property changes are dependent on
the swelling level in agreement with earlier U.S. and Russian data, and also in
agreement with various theoretical predictions. It is also observed, however,
that changes in electrical resistance and elastic moduli frequently differ slightly
for specimens with equal swelling, but which were obtained at different
combinations of temperature and dose. These second-order differences appear
to arise from contributions of other radiation-induced structural changes,
especially in precipitation, which depends strongly on irradiation temperature in
stabilized steels.
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6.3 THE PRIMARY ORIGIN OF DOSE RATE EFFECTS ON MICROSTRUCTURAL
EVOLUTION OF AUSTENITIC ALLOYS DURING NEUTRON IRRADIATION -
T. Okita, T. Sato, N. Sekimura (The University of Tokyo), F. A. Garner and
L. R. Greenwood (Pacific Northwest National Laboratory)

The effect of dose rate on neutron-induced microstructural evolution was
experimentally estimated.  Solution-annealed austenitic model alloys were
irradiated at ~400 with fast neutrons at seven different dose rates that vary
more than two orders of magnitude. Two different doses were achieved at each
dose rate. Both cavity nucleation and growth were found to be enhanced at
lower dose rate. Based on a simple assumption concerning the experimental
data, the net vacancy flux is calculated from the growth rate of cavities that had
already nucleated during the first cycle of irradiation and grown during the
second cycle. Using this approach the net vacancy flux was found to be
proportional to (dpa/sec)1/2 up to 28.8 dpa and 8.4 x 10-7 dpa/sec. This implies
that mutual recombination dominates point defect annihilation in this
experiment, even though point defect sinks such as cavities and dislocations
were well developed.  Thus, mutual recombination is thought to be the primary
origin of the effect of dose rate on microstructural evolution, although the
recombination distance is large and requires a new mechanism for
recombination.
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6.4 STRESS AND TEMPERATURE DEPENDENCE OF IRRADIATION CREEP OF
SELECTED FCC AND BCC STEELS AT LOW SWELLING – M. B. Toloczko
and F. A. Garner (Pacific Northwest National Laboratory)

A large amount of data on irradiation creep of face centered cubic (FCC) and
body centered cubic (BCC) steels have been analyzed and published by the
present authors, but a recent reanalysis of these data have provided further
insight into irradiation creep behavior. The present paper looks at the stress and
temperature dependence of creep at low swelling for selected 316 stainless
steels and HT9 steels irradiated at temperatures from 400°C to 670°C. Analysis
of the creep data has revealed that a transition from a lower creep rate with a
stress exponent of one to a higher creep rate with an unknown stress exponent
occurs in FCC and BCC steels at moderate stresses, and the transition stress is
approximately the same for both classes of steels. Due to limited data at higher
stresses, the nature of the creep behavior at stresses greater than the transition
stress cannot be unambiguously defined. One possibility is that the stress
exponent is transitioning from a value of one to a value greater than one.
Another possibility is that the creep compliance value is transitioning to a higher
value while the stress exponent remains at a value of one. The creep
compliance coefficients of the FCC and BCC steels have also been carefully
reanalyzed in the regime where the stresses are lower than the transition
stress, and in this regime there is a clear delineation in the creep compliance
values between 316 stainless steels, titanium-modified 316 steels, and HT9
steels as a function of temperature.
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7.0 MHD INSULATORS, INSULATING CERAMICS AND OPTICAL MATERIALS 86

7.1 PROPOSED SPECIFICATIONS FOR CANDIDATE INSULATOR MATERIALS
FOR MHD COATINGS - B. A. Pint and J. R. DiStefano (Oak Ridge National
Laboratory)

These specifications provide metrics for evaluating compatibility results in static
Li exposures to determine when bulk ceramic candidate materials are ready for
coating development and when coatings are ready for dynamic (i.e. loop) testing.
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7.2 PRELIMINARY INVESTIGATION ON THE DEPOSITION OF Y-O AND SI-O
FILMS ON V-4%Cr-4%Ti FOR THE IN-SITU FORMING OF CaO COATINGS -
J.-H. Park, A. Sawada, B. J. Kestel, D. L. Rink, K. Natesan, and R. F. Mattas,
Argonne National Laboratory, Argonne, IL 60439

We have investigated two ways to modify the V-4Cr-4Ti surfaces (Y deposition
and Cr-Si-O addition) in preparation for forming CaO coatings on V alloys in
liquid Ca-Li. Our earlier experimental studies indicated that sintered Y2O3 is
compatible with liquid Li. In continuing studies, we have deposited thin (0.2, 0.8,
and 1.5 mm) yttrium films on V-4Cr-4Ti substrates by physical vapor deposition
(PVD).  Annealing the thin Y-metallic PVD film on O-charged V-4Cr-4Ti at 750°C
for 17 h formed an oxide film by the solid-state reaction between O and Y. Both
energy dispersive spectroscopy (EDS) and X-ray diffraction indicated that the 0.2
and 0.8 mm Y-metallic films converted to either YVO3 or Y8V2O17 after annealing,
but the thicker (1.5 mm) Y-metallic film developed two phases as Y8V2O17 and
Y2O3. When these samples were exposed in 2.8 at.% Ca-Li at temperatures of
700°C for 99 h, a uniform microstructure CaO layer was formed on the top of the
Y-V oxides, but localized Y was not detected by cross-sectional EDS analysis.
However, the thicker films were shown to have a localized spallation problem
between V-4Cr-4Ti and the oxide after annealing, so we ceased the exposure
tests. The Si-O addition was performed by Cr+Cr2O3 equilibrium inside a
vacuum-sealed quartz (SiO2) chamber at 950°C for 17 h followed by exposure to
2.8 at.% Ca-Li at temperatures of 700°C for 99 h. This yielded an adhesive,
water insoluble, and highly resistive Ca-Si-O film.
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7.3 PROGRESS ON DEVELOPMENT OF IN-SITU COATINGS FOR V-4Cr-4Ti -
J.-H. Park, A. Sawada, D. L. Rink, K. Natesan, and R. F. Mattas, Argonne
National Laboratory, Argonne, IL 60439

We are investigating the in-situ formation of CaO coatings on V-4Cr-4Ti
structural material in liquid lithium under various conditions. Initially, the near
surface of the V-4Cr-4Ti was oxygen-charged at 710°C and homogenized at
750°C for 17 h, then samples were exposed in 2.8 at.% Ca-Li at temperatures of
600 and 700°C for times between 50 and 747.5 h. The thickness of the in-situ-
formed CaO was 4 to 26 µm under the experimental conditions. In the 50 h
exposure, thicker CaO films were formed at higher oxygen contents and 700°C,
while thinner CaO films were formed at lower oxygen contents and 600°C. For
longer exposures at 600°C (623 and 747.5 h), the film thickness stayed the
same, but for 700°C exposures (100-425 h) the CaO film chemistry changed,
with the film becoming thinner as a result of the net effect from compensating for
the film formation and dissolution. We measured the electrical resistivity in an
inert-gas environment at between room temperature and 760°C for in-situ
formed films at 600°C in 2.8 at.% Ca-Li for 623 and 747.5 h. The measured
values for the electrical resistivity were shown to satisfy the design requirement
for insulating coatings in the Li/V advanced blanket for the magnetic fusion
reactor (MFR). We also performed a Ca-Li compatibility test for single-crystal
CaO samples at 600°C for 623 h. The surface of the single-crystal CaO was
dissolved 50 µm. These results indicate that the insitu formed film could be a
different phase from the pure CaO. As a result of our recent investigations, we
may have met the important development issues for obtaining 700°C stable
coatings in Li/V advanced MFR blankets.
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7.4 STUDY OF THE LONG-TERM STABILITY OF MHD COATINGS FOR FUSION
REACTOR APPLICATIONS - B. A. Pint and L. D. Chitwood (Oak Ridge National
Laboratory)

Coatings of Y2O3 (12.5µm thick) were formed on V-4Cr-4Ti substrates using
electron-beam assisted, physical vapor deposition (EB-PVD).  The resistivity of
the as-received, 12.5µm thick coatings was lower than literature values for bulk
Y2O3, possibly due to cracks or pores in the coating. Coated substrates were
exposed to Li in vanadium alloy capsules at 700° and 800°C for up to 1000h.
One specimen was exposed to Li for three sequential 100h thermal cycles at
800°C and was cooled to room temperature between cycles. All of the exposed
specimens were largely intact after exposure although x-ray diffraction indicated
some reaction with the Li.  The resistivity of several exposed coatings was
measured to 500°C. The specimen exposed for 3, 100h cycles at 800°C showed
no drop in resistivity after exposure while the specimen exposed for 1000h at
800°C showed a lower resistivity.
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9.0 RADIATION EFFECTS, MECHANISTIC STUDIES, AND
EXPERIMENTAL METHODS
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9.1 TENSILE PROPERTY ESTIMATES OBTAINED USING A LOW COMPLIANCE
SHEAR PUNCH TEST FIXTURE – M. B. Toloczko and R. J. Kurtz (Pacific
Northwest National Laboratory), A. Katsunori and A. Hasegawa (Tohoku
University, Japan)

It has been previously shown that for a wide range of BCC and FCC metals,
shear punch properties correlate well with uniaxial tensile properties from
corresponding miniature tensile tests. However, recent studies of the shear
punch test technique have revealed that by more directly measuring punch tip
displacement during a shear punch test, the resulting effective shear stress
versus displacement trace has a greater similarity to a corresponding tensile test
trace. On the assumption that this would lead to shear punch properties that
correlate even better with uniaxial tensile properties, shear punch tests were
performed on a variety of unirradiated metals, and the shear punch properties
were compared to tensile properties from corresponding miniature tensile tests.
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10.0 DOSIMETRY, DAMAGE PARAMETERS, AND ACTIVATION
CALCULATIONS

116

SURPRISINGLY LARGE GENERATION AND RETENTION OF HELIUM AND
HYDROGEN IN PURE NICKEL IRRADIATED AT HIGH TEMPERATURES
AND HIGH NEUTRON EXPOSURES - L. R. Greenwood, F. A. Garner, and
B. M. Oliver (Pacific Northwest National Laboratory), M. L. Grossbeck (Oak
Ridge National Laboratory), and W. G. Wolfer (Lawrence Livermore National
Laboratory)

Hydrogen and helium measurements in pure nickel irradiated to 100 dpa in HFIR
at temperatures between 300 and 600°C show higher gas concentrations than
predicted from fast-neutron reactions and the two-step 58Ni(n,g)59Ni (n,p and n,a)
reactions. This additional gas production suggests previously unidentified
nuclear sources of helium and possibly hydrogen that assert themselves at very
high neutron exposure. The elevated hydrogen measurements are especially
surprising since it is generally accepted that hydrogen is very mobile in nickel at
elevated temperatures and therefore is easily lost, never reaching large
concentrations. However, it appears that relatively large hydrogen
concentrations can be reached and retained for many years after irradiation at
reactor-relevant temperatures. These new effects may have a significant impact
on the performance of nickel-bearing alloys at high neutron fluences in both
fission and fusion reactor irradiations.
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