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FOREWORD 
 
 
This is the thirty-sixth in a series of semiannual technical progress reports on fusion materials 
science activities supported by the Fusion Energy Sciences Program of the U.S. Department of 
Energy.  This report focuses on research addressing the effects on materials properties and 
performance from exposure to the neutronic, thermal, and chemical environments anticipated in 
the chambers of fusion experiments and energy systems.  This research is a major element of the 
national effort to establish the materials knowledge base of an economically and environmentally 
attractive fusion energy source.  Research activities on issues related to the interaction of 
materials with plasmas are reported separately. 
 
The results reported are the product of a national effort involving a number of national 
laboratories and universities.  A large fraction of this work, particularly in relation to fission reactor 
irradiations, is carried out collaboratively with partners in Japan, Russia, and the European Union.  
The purpose of this series of reports is to provide a working technical record for the use of 
program participants, and to provide a means of communicating the efforts of fusion materials 
scientists to the broader fusion community, both nationally and worldwide. 
 
This report has been compiled and edited under the guidance of R. L. Klueh and Teresa Roe, 
Oak Ridge National Laboratory.  Their efforts, and the efforts of the many persons who made 
technical contributions, are gratefully acknowledged. 
 
 
 
 G. R. Nardella 
 Research Division 
 Office of Fusion Energy Sciences 
 



 

 

 



 

  

iii 
 

TABLE OF CONTENTS 
 

1.0 VANADIUM ALLOYS   1 
   
1.1 FURTHER MICROSTRUCTURAL EXAMINATIONS OF V-4Cr-4Ti PRESSURIZED 

CREEP TUBES—D. S. Gelles and R. J. Kurtz (Pacific Northwest National Laboratory) 
 
Pressurized thermal creep tubes of V-4Cr-4Ti have been examined following testing in 
the range 650 to 800°C for tests lasting ~104 h.  Creep deformation was found to be 
controlled by climb-controlled dislocation glide at all temperatures below 800°C whereas 
at 800°C, sub-grain boundary structure predominated and represented the main obstacle 
for dislocation motion.  At 650 and 700°C after ~104 h an increased density of (Ti,V) oxy-
carbo-nitride precipitates near the outer surface extending inwards a distance of 30 and 
70 µm, respectively, was found.  At 800°C, enhanced (Ti,V) oxy-carbo-nitride  
precipitation was observed across the entire tube wall thickness and may have affected 
creep response.  Also, evidence for internal precipitation associated with the dislocation 
structure could be identified.  The discussion section addresses differences in the 
controlling creep mechanisms between grain boundary sliding, sub-grain boundary 
controlled dislocation climb and individual dislocation climb processes. 

  2 

   
1.2 ROOM TEMPERATURE COMPRESSION PROPERTIES OF TWO HEATS OF 

UNIRRADIATED V-4Cr-4Ti—M. B. Toloczko (Pacific Northwest National Laboratory) and 
R. J. Kurtz (Pacific Northwest National Laboratory) 
 
Cylindrical specimens fabricated from Heat 832665 (US Heat) of V-4Cr-4Ti and from 
Heat P8013 (NIFS-2 Heat) of V-4Cr-4Ti were tested in compression at room temperature 
on a screw-driven test frame.  The average value of the yield strength was 344 MPa for 
the US Heat and 315 MPa for the NIFS-2 Heat.  The average strain hardening exponent 
calculated from the first few percent of plastic strain was about 0.17 for both the US Heat 
and the NIFS-2 heat.  As is common in a compression test, the specimens barreled 
somewhat during the tests. 

 13 

   
2.0 CERAMIC COMPOSITE MATERIALS  19 
   
2.1 CHARACTERIZATION OF SILICON CARBIDE COMPOSITES PRODUCED BY 

POLYMER-IMPREGNATION AND HIGH TEMPERATURE PYROLYSIS PROCESS—Y. 
Katoh and T. Nozawa (Oak Ridge National Laboratory), K. Ozawa and A. Kohyama 
(Kyoto University) 
 
Near-stoichiometric SiC fiber composites with polymer-derived high-crystallinity SiC 
matrices were produced and were characterized their microstructures and mechanical 
properties. The material was produced through repeated polymer-impregnation and 
pyrolysis (PIP) cycles of Tyranno™-SA sintered SiC fibers, following pyrolytic carbon and 
SiC bi-layer interphase deposition. Co-polymer of polycarbosilane (PCS) and 
polymethylsilane (PMS) was used as the precursor for near-stoichiometric SiC matrix. 
The final heat treatment was performed at 1100 – 1800°C in flowing commercial-purity 
argon. The produced composites were dense in general with small macro-porosity. 
Transmission electron microscopy revealed that the matrix microstructures after heat 
treatment at >1500°C consisted of fine layers of SiC crystallites in amorphous SiC and 
carbon matrix. High temperature heat treatment promoted crystallization at the expense 
of porosity. No degradation of Tyranno-SA fiber was identified after heat treatment at 
1800°C. PIP-composites with well-crystallized SiC matrices exhibited flexural fracture 
behavior very similar to that of chemically vapor infiltrated composites. The composites 
maintained ambient temperature strength up to 1000°C in air and to 1300°C in argon. 

 20 

   



 

  

 
 
 
2.2 

iv 
 
A NEW APPROACH TO JOINING SiC/SiC COMPOSITES—C. H. Henager, Jr. (Pacific 
Northwest National Laboratory) 
 
A new approach to joining SiC-based ceramics is described and evaluated for Fusion 
Energy systems.  The joining method is based on pre-ceramic polymers filled with 
reactive and inert filler powders and is similar to other approaches that use such 
materials.  This approach differs in the particular polymer system and in the details of the 
processing.  A principal advantage of this approach relative to other, similar approaches 
is that the polymer system is easily handled in ambient air and can be processed in air.  
This makes the joining process simple and field repairable.  The joining compound is a 
liquid that can be painted, sprayed, or applied by dip coating. 

 
 
 27 

   
2.3 STRENGTH AND ELASTIC MODULUS OF NEUTRON-IRRADIATED CUBIC SILICON 

CARBIDE—Y. Katoh and L. L. Snead (Oak Ridge National Laboratory) "The corrected 
version of this contribution was posted February 23, 2006"
 
Mechanical properties of high purity polycrystalline cubic silicon carbide were 
characterized after neutron irradiation. The materials were irradiated in target position 
capsules in High Flux Isotope Reactor to nominal neutron fluence levels of up to 7.7 dpa 
at temperatures of 300, 500 and 800°C. Reduction in Young’s modulus was observed 
after irradiation, and its irradiation temperature dependence agreed qualitatively with 
calculated modulus change due to point defect swelling. Irradiation caused very 
significant modification of statistical flexural strength but caused only minor increase in 
nano-indentation hardness. It was pointed out that the irradiation effect on fracture 
initiation through an enhanced cleavage resistance in large grains could be contributing 
to the major change in flexural strength properties. 

 33 

   
2.4 MODELING THE TRANSVERSE THERMAL CONDUCTIVITY OF 3D-SiCF/SiC 

COMPOSITES—G. E. Youngblood and R. H. Jones (Pacific Northwest National 
Laboratory) and Reiji Yamada (JAERI, Tokai-mura, JP) 
 
Our previously developed hierarchical two-layer (H2L) model was modified to describe 
the effective transverse thermal conductivity (Keff) of a three-dimensional (3D) SiC/SiC 
composite plate made with cross-layered and Z-stitched X:Y:Z uniaxial fiber tow sub-
units.  As before, the model describes Keff in terms of constituent, microstructural and 
architectural properties that include the expected effects of fiber-matrix interfacial 
conductance, of high fiber packing fractions within individual tow sub-units and of the 
non-uniform porosity contents, shapes and orientations within these sub-units.  Model 
predictions were obtained for two versions of a 3D-Tyranno SA™/PyC/ICVI-SiC 
composite that had similar fiber/matrix pyrocarbon (PyC) interfaces, relatively high bulk 
densities (~2.88 g/cc), and an X:Y configuration with fiber content ratios 1:1.  The only 
major difference between the two versions was their Z-stitch fiber content where the 
relative fiber ratios were 0.1 and 1.2 in the Z sub-units. 

 44 

   
2.5 FAST FRACTURE STRENGTH OF THIN PYROLYTIC CARBON INTERPHASE 

SILICON CARBIDE COMPOSITES—Y. Katoh, T. Nozawa, and L. L. Snead (Oak Ridge 
National Laboratory), T. Hinoki and A. Kohyama (Kyoto University, Japan), and W. Yang 
(National Institute for Materials Science, Japan) 
 
The applicability of very thin pyrolytic carbon (PyC) interphase between fibers and 
matrices in silicon carbide (SiC) fiber-reinforced, chemically vapor-infiltrated SiC matrix 
composites was studied based on investigations on the effect of interphase thickness on 
fast fracture properties. It appears that the mechanical properties of near-stoichiometric 
high-crystallinity SiC fiber composites are not subject to strong interphase thickness  
 

 52 

Shirley
Highlight

Shirley
Highlight



 

  

v 
 
effect, which has been reported for non-stoichiometric SiC fiber composites. This 
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collapsed by direct interaction with gliding screw dislocations. Although Wirth et al. pointed 
out that truncation of SFT before interaction with gliding dislocations was an important 
factor for the SFT collapse [1], the present experimental results clearly showed that 
truncation of SFT was not a crucial factor for the collapse mechanism. An SFT collapsed  
in a unique way: only the base portion divided by the gliding plane of dislocation 
annihilated, while the apex portion remained intact. Judging from the fact that similar 
collapse process was observed in recent computer simulations using molecular dynamics 
codes [2], this collapse process is a major one. However, it is still unclear whether this is 
only one process for SFT collapse, because this collapse process leaves a small SFT as 
a remnant, whereas SFTs are completely swept out in the dislocation channels actually 
observed in the deformation microstructure of irradiated fcc metals [3-12]. Further 
research works will be required for fully understanding of dislocation channeling, which is 
believed to be a key for ductility reduction of irradiated metals [3]. 
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