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promise for further study. For low fluence applications CuBeNi and spinodally strengthened CuNiTi alloys may 
also he suitable. Although Cu-2Be resists swelling, it is not recommended for fusion reactor applications because 
of its low conductivity. 

TENSILE AND F R A C T U R E  BEHAVIOR OF Cu-SNi AND VARIOUS PRECIPITATION- 
STRENGTHENED COPPER ALLOYS AFTER HIGH FLUENCE IRRADIATION -- T. Shikama 
(Tohoku University), F. A. Garner and M. L. Hamilton (Pacific Northwest 
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Laboratory) and K. R. Anderson (University of Illinois) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  205 

Tensile tests and fractography were used to cxamine the radiation-induced evolution of Cu-5Ni and th ree  
commercially prepared precipitation-strengthened alloys after irradiation at 685 and 800 K (41 1 and 527’C). The addition 
of nickel to wpper resulted in increased ductility prior to irradiation but decreased relative ductility afler irradiation. The 
difference in behavior following irradiation appears tn arise from the influence of nickel on void swelling. The precipitation- 
strengthened a l lo r  in general exhibited a drop in yield strength after irradiation and an associated increase in ductility. The 
major effect in these al lor  appeared to be related to overaging of the precipitates. 
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6.5.1 ASSESSMENT OF H-INDUCED CRACK GROWTH OF TYPE 316 SS AT ITER CONDITIONS -- 
R. H. Jones (Pacific Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  213 

The results of this analysis suggest that H-induced crack growth of Type 316 SS is a definite concern for ITER first- 
wall applications. It was estimated that crack velocities as high as 2 x 10' mh could result in Type 316 SS irradiated at 100°C 
to 10 dpa, while the threshold, qh, for crack growth could be as low as 28 to 37 MP& for hydrogen generated by (n,p) 
reactions. This crack velocity would propagate through a 4-mm-thick first wall in 33 min. and therefore these conclusions 
should be evaluated experimentally. Also, a of 28 MParkr requires that the applied and residual stresses in the structure 
be limited to 500 MPa for a I-mm-long crack to avoid H-induced crack growth. Higher stress limits are possible for shorter 
cracks. These predictions are based on the assumption that all the  H generated by (n,p) reactions would be contained within 
the material; however, some loss of H to the vacuum or water side of the fint wall is expected. The extent of this loss will 
depend on engineering considerations such as coatings, etc. 

AQUEOUS STRESS CORROSION OF CANDIDATE AUSTENITIC STEELS F O R  ITER 
STRUCTURAL APPLICATIONS -- A. B. Hull, P. R. Luebbers, M. R. Fox, W. K. Soppet, 
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and T. F. Kassner (Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22s 

Susceptibility of Types 316NG and sensitized 304 stainless steels (SS) to SCC was investigated at temperatures of 
6 @ W C  in slow-strain-rate-tensile (SSRT) tests in oxygenated water that simulates important parameters anticipated in first- 
wall/blanket systems. Type 316NG SS exhibits good resistance to SCC under crevice and noncrevice conditions at 
temperatures < 1 W C  in nominal ITER coolant chemistry that does not contain any short-lived radical species from radiolysis 
of water. Initial SSRT tests have been conducted on weldment spccimens of Type 316NG SS with matching filler metal 
under crevice and noncrevice conditions in oxygenated water at 95°C. These specimens fractured in the base metal rather 
than in the weld or heat-affected zones. 

CHARACTERIZATION OF RADIATION-INDUCED SEGREGATION IN AUSTENITIC STAINLESS 
STEELS USING ANALYTICAL ELECTRON MICROSCOPY AND SCANNING AUGER 
MICROPROBE TECHNIQUES -- G.E.C. Bell, E. A. Kenik and L. Heatherly, Jr. 
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(Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  236 

In this work, we characterized radiation-induced grain-boundary segregation of commercial-purity (CP) and high- 
purity (HP) Type 304 SS irradiated in a fission power reactor at 288°C to 2 x 10" dcm2 (E > 1 MeV) or  about 1 dpa using 
both high-resolution AEM and Auger electron spectroscopy (AES) .  Both AEM and A E S  showed strong nickel and silicon 
enrichment along with moderate chromium depletion at grain boundaries in the CP material. Chromium and nickel 
segregation, measured both by AEM and AES, were less in the HP material. No statistically significant minor element 
segregation was measurable with either AEM or AES. Good agreement between AEM segregation profiles measured 
perpendicular to grain boundaries and AFS sputter-depth profile results was obtained. 

ELECTROCHEMICAL AND MICROSTRUCTURAL CHARACTERIZATION OF AN AUSTENITIC 
STAINLESS S T E E L  IRRADIATED BY H E A V Y  IONS ABOVE 600°C -- G.E.C. Bell, E. A. Kenik 
(Oak Ridge National Laboratory) and T. Inazumi (Japan Atomic Energy Research Institute) 
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. . . . . .  244 

The electrochemical behavior and microstructural evolution of a solution-annealed. heavy-ion-irradiated. austenitic 
stainless steel (SS) have been investigated at temperatures above W C  a1 doses of I ,  IO, and 70 displacements per atom 
with concurrent helium injection of0.2 at. ppm He per dpa. Changes in the electrochemical properties were measured by 
the single-loop electrochemical ptentiokinetic reactivation (SL-EPR) technique using transmission electron microscopy disk 
specimens. Microchemical analysis has also been performed on some duplicate specimens in an AEM. Electrochemical 
results showed that the reactivation charge per unit etched area and Flade potential increased with increasing dose. In the 
case of the 70 dpa specimen, complete passivation of the specimen could not be obtained. AEM microanalysis showed 
changes in composition at both grain boundaries and faulted dislocation loops of chromium, iron, nickel, and silicon due to 
RIS. 

EFFECTS OF COMPOSITIONAL MODIFICATIONS ON THE SENSITIZATION BEHAVIOR OF 
Fe-Cr-Mn STEELS -- G. L. Edgemon (Georgia Institute of Technology), P. F. Tortorelli 
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and G.E.C. Bell (Oak Ridge National Laboratory) . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 

Fe-Cr-Mn steels may possibly be used in conjunction with aqueous blankets or  coolants in a fusion device. Therefore, 
standard chemical immersion (modified Strauss) tests were conducted to characterize the effects of compositional 
modifications on the thermal sensitization behavior of these steels. A good correlation among weight losses, intergranular 
(IG) corrosion, and cracking was found. The most effective means of decreasing their susceptibility was through reduction 
of the carbon concentration of these steels to 0.1%. but the sensitization resistance of Fe-Cr-Mn-O.1C compositions was still 
inferior to type 304L and other similar stainless steels (SS). Alloying additions that form stable carbides did not have a very 
significant influence on the sensitization behavior. 
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6.5.6 LITHIUM PURIFICATION AT TEMPERATURES BELOW 500°C -- G.E.C. Bell (Oak Ridge 
National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  256 

A method for removal of nitrogen from liquid lithium has been investigated that allows nitrogen purification to be 
done at temperatures below 500°C. The method utilizes the formation of an insoluble, ternary compound on chromium- 
plated stainless steel surfaces lo remove nitrogen. Capsule tests established the  initial feasibility of the method and 
determined optimum warm-trapping parameters for a large-scale batch test. Favorable results from capsule tests were 
obtained with processing temperatures of 450°C and chromium surface area-to-lithium volume ratios greater than 100 m~' .  
Nitrogen levels as low as 37 weight parts per million were achieved in less than 30 h at 450°C by using a staged. large-scale 
batch process. When used in conjunction with conventional cold trapping, the method allows lithium purification to be done 
in a single, inexpensive vessel with a higher degree of safety, as compared to higher temperature methods (e.g., hot 
gettering). 

7.0 SOLID BREEDING MATERIALS AND BERYLLIUM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  263 

7.1 IN-SITU TRITIUM R E C O V E R Y  F R O M  Li,O IRRADIATED IN FAST NEUTRON FLUX - 
BEATRIX-I1 TEMPERATURE CHANGE SPECIMEN -- 0. D. Slagle and G. W. Hollenherg 
(Pacific Northwest Laboratory), T. Kurasawa (Japan Atomic E n e r a  Research 
Institute). and R. A. Verrall (AECL Research) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The BEATRIX-I1 irradiation experiment is an in-situ tritium release experiment lo evaluate the stability and tritium 
release characteristics of Li,O under fast neutron irradiation to extended burnups. A thin annular ring specimen capable 
of temperature changes was irradiatcd in Phase I of the experiment to a lithium burnup of 5%. The primary emphasis of 
the test plan was to determine the effect and interrelationship of gas composition and temperalure on thc tritium recovery 
from L i p  Temperature changes in the  range from 500 to 650°C resulted in a dccreasing tritium inventory with increasing 
temperaturc and a series of specific tempcrature changes were carried out  at intervals throughout the experiment to 
characterize the effect of burnup. Decreasing the amount of hydrogen in the  sweep gas resulted in an increase in the tritium 
inventory in the  Li,O specimen. The tritium recovery during startup and shutdown was observed to be strongly influenced 
by the composition of the sweep gas. 
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8.0 CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  271 

8.1 RADIATION-INDUCED CHANGES IN THE PHYSICAL PROPERTIES OF CERAMIC 
MATERIALS 
( E U R A T O M K I E M A T  Fusion Association. Madrid, Spain) . . . . . . . . . . . . . . . . . . . . . . . .  

-- S. J .  Zinkle (Oak Ridge National Laboratory) and E. R. Hodgson 

The results lrom recent studies on radiation-induced changes in the electrical conductivity, loss tangent. 
and thermal conductivity of ceramics are reviewrd, with particular emphasis o n  in situ data obtained during irradiation. 
The in situ measuremen& have found that the physical property degradation during irradiation is generally much more 
severe than indicated by post-irradiation mcasurcments. In particular, permanent degradation in the clectrical resistivity 
may occur after irradiation t o  damagc levels of <1U' displacements pcr atom (dpa) for temperatures near 450°C. This 
radiation-induced electrical degradation (RIED) is observed only if an electric field is applied during the irradiation. 

273 

8.2 MATERIALS ISSUES IN DIAGNOSTIC SYSTEMS FOR BPX AND ITER -- F. W. Clinard, Jr. and 
E. H. Farnum (Lns Alamos National Laboratory) D. L. Griscom (Naval Research Laboratory), 
R. F. Mattas (Argonne National Laboratory), S. S. Medley (Princeton Plasma Physics 
Laboratory), F. W. Wiffen (U.S. Department of Energy), S. S. Wnjtowicz (General Atomics), 
K. M. Young (Princeton Plasma Physics Lahoratory), and S. J .  Zinkle (Oak Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  283 

Anticipated radiation Iluxes in D-T hurning machines such as BPX and ITER arc intense, and accumulated 
damage levels arc moderate to severe. Thus materials uscd in diagnostic systcms may suffer significant degradation 01 
electrical. optical, and structural properties, cithcr lrom transient or permanent damage effects. Of particular concern 
arc windows, optical fihcrs, rcflcctors, and insulators. Howcvcr, matcrials design and modification based on results from 
an appropriate irradiation testing program, when cnmbined with design optimization Cor location. shielding. and ease of 
replaccmcnt. should point the way to development of acceptable matcrials systems. 
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8.3 OBSERVATION OF RADIATION-INDUCED CHANGES IN DIELECTRIC PROPERTIES IN CERAMIC 
INSULATORS -- R. E. Stoller, R. H. Goulding, and S .  J. Zinkle, and  
D. H. Rasmassen (Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  288 

Several experiments have been completed in which the dielectric properties of ceramic materials were measured 
during ionizing and displacive irradiation. The experimental matrix included single crystal sapphire, commercial-grade 
polycrystalline alumina. magnesium-aluminate spinel, silicon nitride, and aluminum nitride. These materials are 
candidates for use in a number of fusion reactor components. The measurements were made at 100 MHz using a 
capacitively loaded resonant cavity. Essentially. no effect of ionizing radiation alone was observed for damage rates up 
to about 5 x I d  Gyh. However. pulsed fission reactor irradiation led to dramatic increases in the loss tangent. The 
fractional contributions of the ionizing and displacive fields to the total change observed during the neutron irradiations 
could not be unambiguously determined. The results of these experiments indicate that the use of post-irradiation 
measurements leads to an underestimate of the radiation-induced dielectric degradation that occurs in the radiation field. 

MEASUREMENT OF ELECTRICAL AND OPTICAL PROPERTIES OF DIELECTRIC MATERIALS 
DURING NEUTRON IRRADIATION -- E. H. Farnum, F. W. Chard, Jr., J. C. Kennedy Ill, 
W. F. Sommer and W. P. Unruh (Los AIamos National Laboratory) 
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An in situ neutron irradiation experiment will he carried out a l  Los AIamos National Laboratory during the 
summer of 1992, to asms behavior of electrical insulators and optical fihen during neutron irradiation. Testing will be 
carried out at the Los Alamos Spallation Radiation Effect Facility (LASREF). Experiments include measurement of ac 
and dc electrical properties of AI,O, at 300. 400. and 500°C. with applied electric fields up to 2000 V/cm. Additional 
measurements will be carried out on MgO-insulated instrumentation cables. Tests on optical fiben include attenuation, 
fluorescence, and reflectance measurements. at ambient temperature and moderate to intense neutron fluxes. Results 
will be applied to identification and improvement of candidate materials for ITER and other fusion devices. 

8.5 THE EFFECT OF P H O N O N  SCATTERING BY ALUMINUM PRECIPITATES AND VOIDS O N  THE 
T H E R M A L  CONDUCTIVITY OF AI,O, .. D. P. White (Oak Ridge National Laboratory) . . . . . . . . . . . . . .  298 

Recent calculations on the effect of vacancies and conduction band electrons on the thermal conductivity of 
AI,O, have shown that large decreases in the conductivity may be expected due to the scattering of phonons by 
vacancies in material exposed to displacive radiation. This work has been extended to include the effects of aluminum 
precipitates and voids on the lattice thermal conductivity. The change in the thermal conductivity due to these extended 
defects is presented. 

8.6 IN-WAVEGUIDE MEASUREMEATS OF M M W  DIELECI'RIC PROPERTIES OF CERAMIC 
MATERIALS FOR T H E  US. FUSION REACTOR MATERIALS RESEARCH PROGRAM -. 
James C. Kennedy, 111, Eugene F. Farnum, and Frank W. C h a r d ,  Jr. 
(Los Alamos National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  302 

As part of an International Energy Agency (I-) collaboration, a set of round-robin materials was purchased for 
comparing dielectric measurements at laboratories in the  United Kingdom (UK). Spain. Germany, US.. and Japan. P. Pells at 
Aldermasten, UK, purchased MACOR 9658, a glass-mica composite, and Roger Stoller from Oak Ridge National Laboratory, 
purchased WESGO AL-300 and AL-995, polycrystalline alumina standards. We obtained some of each of these materials for 
making these measurements. Our results have been shared with the other IEA partners, and P. Pells is preparing a summary 
document. We used the millimeter wave apparatus described below and elsewhere in detail to measure the dielectric properties 
of these materials at 90 to 100 GHz at room temperature. The nominal purity of AL-300 was 0.%7; the nominal purity of AL- 
995 was 0.995. Our method was to measure the power transmission coefficient. We used computerized data reduction 
techniques to compute k (the dielectric constant) and tan-delta (the loss tangent) directly from transmission maxima and their 
corresponding frequencies; to verify this method, we applied the same technique to theoretically derived channel spectra that 
were obtained by solving exactly the complex transmission coefficient. given k and tan-delta. The alumina material with a lower 
level of purity resulted in higher loss but lower dielectric constant. We obtained dielectric constants that were higher for all the 
materials than manufacturer-reported values taken at lower frequencies. In addition, we obtained higher dielectric constant 
values than those found by other investigators at 100 GHz for AL-995 and MACOR. Tan-delta values were in good agreement 
with those of other investigators obtained by free-space methods and dispersive Fourier-transform techniques in the same 
frequency range. 




