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FOREWORD

This is the first fn a series of semiannual technical progress reports on fusion reactor materials.
This report combines research and development activities which were previously reported separately in the
following technical progress reports:

» Alloy Development for Irradiation Performance
+ Damage Analysis and Fundamental Studies
+ Special Purpose Materials

These activities are concerned principally with the effects of the neutronic and chemical environment on
the properties and performance of reactor materials; together they form one element of the overall materials
program being conducted in support of the Magnetic Fusion Energy Program of the U.§. Department of Energy.
The other major element of the program is concerned with the interactions between reactor materials and the
plasma and is reported separately.

The Fusion Reactor Materials Program is a national effort involving several nationa) laboratories,
universities, and industries. The purpose of this series of reports is to provide a working technical record
for the use of the program participants, and to provide a means of communicating the efforts of materjals
sciertists to the rest of the fusion community, both nationally and worldwide.

This report has been compiled and edited under the guidance of A. F. Rowcliffe, Qak Ridge National
Laboratery, and D. G. Doran, Battelle-Pacific Northwest Laboratory. Their efforts, the work of the publica-
tions staff in the Metals and Ceramics Division at ORNL, and the many persons who made technical contribu-
tfons are gratefully acknowledged. T. C. Reuther, Reactor Technologies Branch, has responsibiiity within DOE
for the programs reported on in this document.

G. M. Haas, Chief
Reactor Technolegies Branch
Office of Fusion Energy
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RTNS-II Irradiations and Operations (Lawrence Livermore National Laboratory)
Irradiations were performed on eleven different experiments during this period.

Design of the HFIR Spectral Tailoring Exper1ments in the HFIR RB" Capsu1e Irradiation
Facility (Dak Ridge National Laboratory) . e e e . . . e

Design of 4 universal HFIR RB capsule irradiation facility and four NFIR-MFE-REB
capsules to accommodate specimens preirradiated in a spectrally tailored experiment
in the ORR is proceeding satisfactorily. The capsule designs are being standardized
as much as possible and the construction drawings are being prepared on a computer-
gided design (CAD) system to minimize overall long-term costs. Frepargtion of
construction drawings for the instrumented 330°C capsule is approximately 30% complete;
drawings for the first two capsules (330 and 60°C; are scheduied to be completed in
November and December 1956, respectively. Operation of the first two capsules is
scheduled to begin in June 1987, and the other two (200 and 400°C) in January 1988. 4
convent ional temperature control gas gap, although relatively small, was selected for
330°C capsule design. Development efforts are in progress to test a larger particle-
filled gap concept for possible use for temperature control in the 200°C capsule. In
this concept, temperature would be controlled primarily by varying the Inert gas
pressure in an annular bed of coarse/fine microspheres to change its thermal
conductance.

Design and Operation of the HFIR Instrumented (JP Type) Target Temperature Test (TTT)
Capsule (Oak Ridge National Laboratory) -

The JP-TIT capsule assembly was completed, and irradiation started on
August 17, 1986, as planned. First results indicate that temperatures at the
beginning of the experiments are within 153 of predicted values except in the
G-1 position. The specimens asccumulated a total irradiation time of 42.51
full power days (FPD) at 100 M¥ through September 30, 1986.

Characterization of the NLTNIF Facility in the BSR (Argonne National Laboratory)

Dosimetry measurements and damage calculations have been completed for the
National Low-Temperature Neutron Irradiation Facility in the Bulk Shielding Reactor
at Oak Ridge National Laboratory. This facility will permit neutron Irradiation at
4°K. Results show that the fast flux for materials studies is about
1.4 x 10'°® nj/em®-s producing about 0.3 dpa and 1.7 appm He in 316 stainless steel
In one year.

Capability for Measuring Millimeter-Wave Dielectric Properties in Free Space and at
Eievated Temperatures (Los Alamos National Laboratory}

The swept-frequency, in waveguide, scalar network analyser system (SNAS) of a
previous progress report on measuring millimeter-wave (MMW) dielectric properties of
materials for rf windows (90-100GHz) has been extended to operation in free space via
antenna techniques and to elevate temperatures of over 1000°C. The 'parallel' beam for
spec fmen- cum-waveguide configuration is replaced with a larger disc specimen sand-
wiched by & pair of collimating antennas that provide a'parallel’ beam for
transmission through the specimen. The specimen is mounted in & special 1700°C furnace
with doors on opposite walls to permit passage of the MMW beam. During the brief
period available for data collection, computer software allows the use of efficient
signal averaging of the low-level MMW's that make it through very hot-and thus
highly lossy-ceramic specimens. Dielectric losses measured as a4 function of
temperature allow a closer simulation of the MF environment. Free-space measurements
at room temperature are also important as & comparison standard with data taken by
the more difficult waveguide technigque compatible with fission-reactor
frradiation studies, as problems are much less pronounced in free space with specimen-
to-heolder clearances, specimen preparation, and spurious standing wave effects.
Preliminary room-temperature data are presented.
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Operation of the US/Japan DRR Spectral Ta1ior1ng Experwments
(Dak Ridge National lLaboratory) . . .

The ORR-MFE-6J and -7J experiments continued irradiation during this reporting
period ending on September 30, 1986. The total accumulated irradigtion time is 330
full power days(FPD) at 30 M¥W.

Status of US/Japan Collaborative Testing in HFIR and DRR (Oak Rwdge National Laboratory
and Japan Atomic Energy Research Institute) .. . .

All eight Phase-I Target Capsules have completed irradiation. Post irradiation
examination Iis nearing completion on five of the eight capsules. Construction of
the Instrumented Target Capsule was completed and the experiment was installed in the
High Flux Isotope Reactor (HFIR}. Results of the first cycle of irradiation showed
that the measured temperatures were near the predicted values except for the end
region. The two 0ak Ridge Research Reactor (ORR) spectral-tailoring capsules operated
well throughout the reporting period. Removal of the two capsules from ORR for interim
examination and reinsertion in the RB positions in HFIR is scheduled for eary FY 1987.

Fusion Program Research Materials Inventory (Oak Ridge National Laboratory and McDonnell
Douglas Astronautics Company) e e

A summary of materials in the Fusion Program Research Materials Inventory indicates
the nowinal diameter of rod or thickness of sheet for product forms of each alloy and
also indicates by weight the amount of esch alloy in larger sizes available for fabri-
cation to produce other product forms as needed by the program. No material was added
to the inventory during this reporting period. The materials distributed from the
Inventory are described.

Irradiation of Fe-Cr-Ni Austenitic A]1oys at 400-750°C in the Mota-1E Exper1ment
{(Westinghouse Hanford Company) - e . .

Seven nominally Iidentical packets, each with 79 TEM disks prepared from 29
Fe-Cr-Ni alloys have been inserted into the MUTA-IE experiment for irradiation in
Cycle 9 of FFTF. Two packets each have been included in each of the 420, 520 and
600°C canisters, one each to be withdrawn after Cycles 9 and 10. One additional
packet has been included in the 750°C canister.
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Production of Long-Lived Activities in Fusion Reactors (Argonne National Laboratory)

Experiments are in progress to measure the 14 MeV production rates of several
Jong-lived radicisctopes in fusion materials. Samples of separated isotopes of *‘Fe,
S0N;, N7 and *“Zr were Irradiated &t the RTINS II in July. Radio-chemical separations,
liquid scintillation counting, and gamma spectroscoy have successfully been used to
medsure cross sections for the ®Fe(n,Zn)**Fe, ®°Ni(n,2n)"°Ni, ®**Ni(n,2n)%°Ni, and
*3Culn,p)®’Ni reactions.

Neutronics Analysis in Support of the US-Japan Spectra? Tailoring Capsules
(Oak Ridge National Laboratory) e e e e

The neutron fluxes for the ORR-MFE-6J dosimetry capsule have been recalculated
and compared with the previously measured fluxes. Scale factors obtained from
this new comparison are being used to scale the neutron fluences obtained from three-
dimensional neutronics calculations. As of September 30, 1986, this procedure yields
32.6 sppm He (not inciluding 2.0 appm He from '°B) and 4.79 dpa for type 316 stainless
steel in ORR-MFE-6J and 56.5 appm He and 5.32 dpa in ORR-MFE-77J.

International Dosimetry Standardization Activities (Argonne National Laboratory)
Results of the REAL84 exercise to compare spectral unfolding and damage

calculations between ten different laboratories in the US, Furope, and Japan were

reviewed at an ITAEA Consultants' Meeting at the Technical University of Budapest,

Hungary, on September §-10, 1986. 4 formal report on the project will be issued

by the TAEA.

Helium Production Cross Sections for Fusion-Energy Neutrons {(Rockwell International)

Two major fast-neutron Iirradiations were conducted for the measurement of the
total helium production cross sections of several pure elements and separated isotopes.
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The first was & Rotating Target Neutron Source-II (RTNS-II) irradiation conducted to
expand the 14.8-MeV cross section data base developed from earlier RTINS experiments.
The second was & 10-MeV neutron irradiation at the Los Alamos National Laboratory
(LANL) using the 'H(t,n) source resction, to provide cross section informetion In &
lower neutron energy region. Two RTNS-II add-on experiments were also initiated, to
examine the 14- to 15-MeV energy dependence of selected pure-element cross sections.

Full Derivation of an Approximate Solution to the Scattering Integral for
General Interatomic Potentials (University of California, Los Angeles) . . . . . . . . . . . 44

An approximation to the scattering integral 1s derived by expanding the potential
about the distance of closest approach and truncating the expansion so that the integral
can be performed analytically. The results are improved by using the approximate
Integrand only in the region near the closest approach and assuming zero potential for
large distances. The analytical solution, which requires little computation time
relative to other solution methods, is shown to yield sufficient accuracy for a wide
range of particle energies and impact parameters, using both the Molifere and "Universal”
potentials.

TRIPOS: A Dynamic Monte Carlo Code For the TRansport of lons In P01yat0m1c
Solids (University of Califernia, Los Angeles) . . . . . - X

4 general dynamic Monte Carlo ion transport code, TRIPOS, Transport of Ions in
PQlyatomic Solids, is presented. TRIPOS uses both power-law cross sections and & newly
developed solution to the scattering integral for treatment of nuclear collisions.
Applications of TRIPOS to surface, bulk, and deep penetration problems in multi-Ilayer
polyatomic medisa are given. The dvanmic nature of surface evolution caused by energetic
fon-surface collisional events are also simulated by TRIPOS.

Calculations for Isotopically-Tailored Ceramics in Fission and Fusion Reactors
(Los Alamos National Laboratory) . . . . . . . . .« o o e e e e e e e e e e 69

To aid Iin the design of an isotopically-tailored ceramic experiment in HFIR,
calculatjons have been made to determine the amount of SN and '70 needed in §i,Al1,0,N,
and *70 needed in Al,0, to simulate the 14 MeV fusion neutron response of these ceramics
when Irradiated with fission neutrons. The calculations were performed using the REAC
computer code developed at Hanford Engineering Development Laboratory, and the gas
production and damage nuclear data needed were produced with a Los Alamos code.

Although the damage data are more appropriate for metals, it is assumed that the
comparison of the gas-to-damage ratios In the twe reactors is valid. Calculations
indicate that 57% 70 and 90.6% '°Ni in sialon and 17.9% '’0 in alumina would

be adequate for the simulation.

REACZ Activation and Transmutation Computer Code System
(Westinghouse Hanford Company) . . . . . . O i

The initial release of the REACZ transmutation and activation code system is now
available for use at the Magnetic Fusion Energy (MFE) Computer Center. REACZ? is over
an order of magnitude faster than its predecessor and is easier to use.

Activation of Structural Alloys in Fusion Reactor Magnets
(Westinghouse Hanford Company) . . . . . . . . . . . v . v « v v v v v et ee e e .. 15

Using the STARFIRE conceptual design, niobium is the only element to cause problems
in meeting Class C near surface burial criteriqa. Although the materials in the outboard
magnet will not cause dose concerns for maintenance purposes in the STARFIRE design, the
radiation dose from the inboard magnet position is quite high.

MATERIALS ENGINEERING AND DESIGN REQUIREMENTS . . . . . . . . . . . . . . . ... ... .... &

3.1

Materials Handbook For Fusion Energy Systems (McDonne?] Douglas Astronautics
Company - St. Louis Division) . . . . . . . A - . |

The effort during this reporting period has been directed towerds developing the
supporting documentation data sheets in preparation for distribution to current handbook
holders. These pages are planned for distribution early in 1987. With the release of
these pages will constitute the first step towards establishing & data base of fusion
developed experimental data.



4. FUNDAMENTAL MECHANICAL BEHAVIOR . . . . . . . . . . o . . . oo e e s, 85

4.1

4.2

Mechanizal Properties of Fusion Reactor Materials - A Workshop Held on April 18, 1986,

in Conjunction with the Second International Conference on Fusion Reactor Materials,

Chicago, IL. OCrganized by: Russell H. Jones (Pacific Northwest Laboratory,

Richland, Wash!ngton) and G. E. Lucas {University of California, Santa Barbara,

Cal 1forn1a) .. e e e e e e e e e e e e s 87

The Workshop on Mechanical Properties of Fusion Reactor Materials was held
in conjunction with the Second International Conterence on Fusien Reactor Materials
to encourage Interndtional representation in this workshop series. The meeting
was held in Chicago, Illinois in April 1986, with participants from Japan, Europe,
and the United States. The topics covered were: 1) flow processes, Z) time dependent
crack growth, 3) time Iindependent crack growth/brittle fracture, and 4) environment
assisted crack growth. The background, status, and recommended research are summarized
Iin this report for each of the workshop topics.

Effect of Internal Hydrogen on the Fat1gue Crack Growth of HT-9
(Pacific Northwest Laboratory) A .. O 161

Internal hydrogen concentrations of 4 appm were found fteo have a significant
effect on crack growth rate in HT-9 tested at room temperature. This effect was most
pronounced at AK's less than about 15 MPa-a? for tests conducted at & load ratio of
0.5. At a load ratio of 0.05 Internal hydrogen had very little effect on the fatigue
crack growth rate. Hydrogen induced an intevgranular fracture mode which increased
In percentage of the total fracture with decreasing crack velocfties at decreasing AK's.
Hydrogen has been shown to induce Iintergranular fracture of HT-9 in precharged and
dynamic tensile tests &nd subcritical crack growth tests at cathodic potentials. The
fatigue crack growth rate of both the hydrogen charged and uncharged material was a
function of the cyelic frequency between frequencies of 0.5 and 5 Hz with the fatigue
crack growth rate Increasing with decreasing frequency or iIncreasing period. There
Is some evidence that the as-received hydrogen concentration of 1 ppm affected the
crack growth rate. The crack velocity was also dependent on the load ratio with hydrogen
having a large effect on the fatigue crack growth rete at a load ratio of 0.5 and & small
effect at & load ratio of 0.05. The observed resuits could have significance to fusion
reactor design If they are shown to persist to reactor temperatures. A combination of
modeling and experiment will be used to help answer this gquestion.

5. RADIATION EFFECTS: MECHANISTIC STUDIES, THEORY AND MODELING . . . . . . . . . . . . . ... .. 127

5.1

5.2

Microstructure of Copper Alloys Following 14-MeV Neutron Irradiation
(Qak Ridge National [aboratory) . . . . . . . . . . . . . . ... 128

The microstructure of copper and three single-phase copper alloys (Cu-5%A7,
Cu-5¢Mn, Cu-5%Ni) has been examined following a room-temperature I4-MeV neutron
irradiation up to & maximum fluence of 2 x 10*' nfm® (~10"° dpa). The irradiation
produced small defect clusters, many of which were resolvable as stacking fault
tetrahedra (SFT} or triangle loops. Alloying did not affect the overall cluster
density or size distribution, but it did cause a significant reduction In the density
of SFT and trisngle Joops. The overall defect cluster size was independent of fluence
with & mean and most probably diameter of ~2.7 and ~1.7 nm, respectively. There was
no evidence of cascade overlap in this study. Cascade overlap effects are estimated
to become significant for fluences ~10°" n/m?. The overall defect cluster density was
found te vary as N ~ ¥¢t with & short incubation pericd for all four metals.
Reexamination of published data indicates that this relationship may be broadly
applicable over the ijrradiation temperature range 80 to 400 K. Llogarithmic plots
of the cluster density versus fluence produced anomalous curvature due to the influence
of the Incubation period.

C=R/RTNS-II Low Exposure Spectral Effects Experiment: Effects of Irradiaticn
Temperature (Westinghouse Hanford Company) . . . . . . . . . . . . . . . .. ... ... .. 14

The status of the OWR/RTNS-II Low Exposure Spectral Effects Experiment is reviewed.
The originally planned irradiations in RINS-II and the Omega West Keactor at 90°C and
290°C have been completed, and additionsl irradiations in RTNS-II at 200°C and 450°C
have also been carried out. Tensile specimens from each of the irradiations have been
tested. The effects of irradiation temperature on the change in yield stress as a
function of 14 MeV neutron fluence dare reported here for annealed pure copper, annealed
316 stainless steel and HT9 ferritic steel. In copper the effect of Increasing the
Irradiation temperature 15 to Increase the minimum fluence at which & measurable change
Iin mechanical properties takes place. The temperature effects are somewhat smaller in
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316 stainless steel, and the incubation effects are less obvious than in copper. In
HT9 the 14 MeV irradiation effects are relatively small, and there is nc effect of
temperature for fluences up to 2.5 x 10'® nfcm®.

The Effects of Low Deses of 14 MeV Neutrons on the Tensile Properties of the Three
Binary Copper Alloys (Westinghcuse Hanford Company) .

Miniature tensile specimens of high purity copper and copper alloved respectively
with five atom percent of Al, Mn, and Ni were irradiated with D-T fusion neutcons in
the RTNS-IT to fluences up to 1 3 x 16'® n/cm® at 90°C. To compare fission and fusion
neutron effects, some specimens were also irradiated at the same temperature to similar
damage levels in the Omega West Reactor (OWR). Tensile tests were performed at room
temperature, and the radiation- induced strengthening of CuSiMn is greater than that of
CusAl and CuSiNi, which behave about the same. However, all the alloys sustain less
jrradiation- induced strengthening by 14 MeV neutrons than pure copper, which is in
contrast to the reported results of earlier work using hardness measurements. The
effects of fission and fusion neutroms on the yield stress of CuS¥Al and CuSZNi
correlate well on the basis of dpa, but the data for CuSiMn suggest that dpa may not
be & good correlation parameter for this alloy In this fluence and temperature range.

Effects of Substitutional Alloying Elements on Microstructural Evolution In
Neutron Irradiated Fe-10Cr (Westinghouse Hanford Company)

The effect of solute additions on microstructural development in the base alloy

Fe-10Cr following neutron irradiation at 426°C te 33.5 dpa has been examined. Additions

of 8i, V, Mn, W, Ta, and Zr were considered at 0.1 and 1.0 wt. } levels. It was found
that solute addit ions affect the level of swelling, the void morphology and the
dislocation eveolution. The results are interpreted in terms of sclute segregation to
point defect sinks.

Swelling of Solute-Modified Fe-Cr-Mn Al]oys In FFTF
(Westinghouse Hanford Company) . . .

Density change data continue to be accumulated on solute-modified and commercial
Fe-Cr-Mn alloys irradiated at 520°C and 50 dpa. The tendency toward saturation of
density change observed in the simple ternary alloys in the annealed condition Is
accentuated by cold-working and solute addition. Irradistion at 420°C appears to
further accelerate the tendency toward saturation.

Cessation of Irradiatfon Creep in AISI 316 Concurrent With High Levels
of Swelling (EBR-II ProJect Argonne National Laboragory and Westwnghouse
Hanford Company) . . .

At high neutron exposures where the swelling of AISI 316 exceeds ~5% the
Irradiation creep rate at 550°C begins to decline and eventually disappear. Swelling
continues to proceed, however, leading to 8 maximum deformation rate dictated cnly by
that of the steady-state swelling rate or ~0 33%/dpa. It is not clear at this point
whether large levels of voidage are directly responsible for the decrease in creep
rate. There 1s some evidence to support the possible roie of intermetallic precipi-
tate formation, although the mechanism of creep suppression by such precipitates Is
not known.

Analysis of High Dose Swelling Data From the RS-1 Exper1ment
(Oak Ridge National Laboratory) . .

A large amount of swelling data from several irradiation experiments has been
entered into a computerized data base to facilitate the analysis of the data. This
data includes that from the RS-1 experiment in the EBR-II in which several hests of
20% cold-worked type 316 stainless steel were irrediated to & maximum dose of about
85 dpa in the temperature range of 370 to 600°C. The actual irradiation temperatures
in this experiment deviated from the design values by up to 100°C and the present
report provides corrected average values. Contrary to some published reports, pre-
liminary analysis of the RS-1 swelling data indicates that & significant temperature

dependence of the steady-state swelling rate appears to persist at fairly high swelling

levels.

Spinodal-Like Decomposition of Fe-Ni and Fe-Ni-Cr Invar Alloys In Both Radiation
and Non-Radiation Environments {Westinghouse Hanford Company, University of Wisconsin,
and Massachusetts Institute of Technology)

The radiation- induced development of spinodal-Iike compositional fluctuations in
Fe-Ni-Cr invar alloys leads to several fortuitous methods of visualizing the three-
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dimensional nature of the decompositiocn process. I[n low dose neutron- frradiated
Fe-Ni-Cr specimens, the use of high electropolishing rates during preparation of micro-
scopy foils leads to & preferential attack of those regions which are low In nickel.

In high dose ion-bombarded specimens of Fe-35Ni, the absence of chromium leads to for-
mation of cellular martensite in the nickel-poor regions upon ccoling to room
tempersture.

The scale of the fluctuations at temperatures >600°C is comparable to that found in
the Ssnta Catharina meteorite, which is roughly Fe-35INi in composition. This and other
non-radiation data support the proposal that the Fe-Ni system in the absence of
irradiation tends to spinodally decompose in the invar regime but &t a very sluggish
rate. Thus it appears that radiation accelerates rather than induces the decomposition
of Fe-Ni and Fe-Ni-Cr invar alloys.

Effect of Nickel Content on the Minimum Critical Radius of Fe-Cr-Ni A]]oys
(Arizona State University and Westinghouse Hanford Company)

Swelling data from both ifon and neutron irradiations of Fe-Cr-Ni alloys are
analyzed in terms of the critical radius concept for bubble-to-veoid conversion. It is
shown that while the dependence of critical radius on temperature, displacement rate and
helium can explain many features of the data, one must also consider the dependence of
vacgncy diffusion on nickel content in order to be able to explain the compositional
dependence of void nucleation.

The Influence of Phosphorus on the Neutron or Ion-Induced Swelling of
Fe-Cr-Ni Alloys {Westinghouse Hanford Company) P

A recent ion bombardment study has called into question a fundamentdl assumption
used to design & Ni*? isotopie tailoring experiment. Thkis assumption involves the
synergistic roles of phosphorus and helium in void nucleation and therefore the
assumpt ion was tested by analysis of the results of an edarlier irradiation experjment.
Neutron irradiation of Fe-Z5NIi-15Cr with three different phosphorus levels was found to
yield density changes which support the design assumption. Based on the role proposed
for phosphorus an alternative explanation is alsoc offered to describe the results of the
ion bombardment experiments may not be suitable for the simulation of the influence of
phosphorus on reutron- induced microstructural development.

The Swelling of Nickel and Nickel-Chromium Alloys During Neutron or Ton
Irradiation (Westinghouse Hanford Company) . .. e e e

Data on the neutron and ion-induced swelling of pure nickel and nickel-chromium
alloys are reviewed to test the hypothesis that long or short range ordering will
reduce swelling. The concept of order-induced swelling suppressiocn appears to be
valid, but the influepce of chromium on ordering and swelling of nickel-chromivm
alloys is complicated by the action of at least one other as-yet-undetermined
mechanism. The swelling rate of pure nickel depends on temperature and metal purity,
reaching ~17/dpa at low temperatures and high purity. Nickel also saturates in
swelling at a pace dictated by purity, cold-work level and temperature, while Ni-Cr
alloys do not appear to be subject to saturation.

TEM Cross-Section Observation of Gas Effect on Void Formation in Ion
Irradiated Nickel (University of Wisconsin)

Nickel samples with varjious helium and oxygen concentrations have been irradiated
with 14 MeV Ni ions at 500°C to a fluence of 8 x 10'° ifons/m® (2 dpa at a I-um depth).
Helfum atoms with energy varying from 200 to 700 keV were pre-injected ar room
temperature. The samples with low oxygen content were obtained by a hydrogen reduction
treatment and high vacuum outgassing. The density and the averdge diameter of voids
were determined by TEM examination of cross-section specimens.

The residual oxygen plays en important role In promoting void formation. Lowering
the oxygen content from 180 appm to 75 appm reduces void density and Increases void
size remarkably.

Small amounts of helium (10 appm) enhanced the void nucleation remarkably in both
high (180 appm) and low (75 appm) oxygen content samples, while larger amounts of helium
(30 appm) reduced the observable void density in the high oxygen content sample.

The Effect of Oxygen on Void Stability in Nickel
{University of Wisconsin) )

Surface energy values lower than those determined experimentally are often
utilized in theories of veid nucleation and growth in metals. Utilization of
established surface energy values generally predicts no swelling in the absence of
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heliuvm. However, swelling occurs in many metals even in the absence of helium.
Surface active Iimpurities, such as oxygen, can readily account for this discrepancy
by reducing the surface energy of wetals. This investigation shows that very Iow
concentratfons of oxygen Iin nickel can achieve the necessdary decrease Iin surface
energy.

A model has been developed to calculate the requisite quantity of oxygen in
solution to stabilize voids. The criterion for void stability is that the void be the
most energetically stable vacancy cluster In the metal. Knowing the fraction of oxygen
which chemisorbs and the surface coverage required permits the determination of initial
oxygen concentration needed to promote void stability. Calculations have been performed
for nickel.

The model has been tested by irradiating nickel with l4-MeV Ni ions at 500°C.
Oxygen was preinjected into one sample to a concentration of 75 appm. The irradiation
reached @ fluence of 3 x 10°° Ni-ion/m® (28 dpa at the damage peak). The irradiated
foils were examined In cross section in the electron microscope.

DEVELOPMENT OF STRUCTURAL ALLOYS . . . . . . . . . . . . o o e e e s s s .. 247

6.1

Ferritic Stainless Steels . . . . . . . . . . . . . . . . ... ... 249

6.1.1 Radiation Embrittlement of Manganese-Stabilized Martensitic Stainless
Steel (Westinghouse Hanford Company) . . . . . . . . . . . . . . .. .. ... ... 29

Fractographic examination has been performed on selected Charpy specimens
of manganese stabilized martensitic stainless steels in order to identify the
cquse of Iirradiation embrittlement. Embrittlement was found to be partly due
to enhanced failure at grain boundaries arising from precipitation, Micro-
structural examination of a specimen irradiasted at higher temperature has
demonstrated the presence of Fe-Cr-Mn chi phase, a body centered cubic inter-
metallic phase known to cause embrittlement. This work indicated that manganese
stabilized martensitic stainless steels are prone to intermetallic phase for-
mation which is detrimental to mechanical properties.

6.2 Austenitic Stainless Steels . . . . . . . . . . . . . . . e e e e e ... ... B3

6.2.1 Tensile Properties of HFIR-Irradiated Austenitic Stainless Steels At
250 to 400°C From the European Community/US/Japan Fusion Materials
Collaboration (Oak Ridge National Laboratory) . . . . . . . . . . . . . . . .. ... 7265

In the cellaborative experiments, four gustenitic stainless steels (EC316,
US 316, USPCA, JPCA) are being irradiated in four reactors to exploit the
variation In neutron energy spectrum. In this way the effect of He:dpa ratic
can be investigated. Tensile properties were determined for all four alloys
irradiated to a maximum of 10 dpa and containing a maximum of 550 appm He,
depending upon the nickel concentration in the alloy and position in the reactor.
Irradiation temperatures of 250 to 400°C were chosen because of their particular
relevance to INTOR. The US alloys were prepared in the cold-worked condition,
the EC and Japanese alloys in the annealed condition.

The tensile behavior more nearly reflected the differences in initial
condition than the differences betwsen {rradiation properties of the alloys, the
cold-worked material remaining stronger even after irradistion. In general,
irradiation in this temperature range clearly produced hardening with accom-
panying reduction in ductility. All four alloys, with the possible exception
of JPCA, exhibited rather low uniform elongation. There was no evidence for
helium embrittlement.

6.2.2 Irrediation-Enhanced Precipitates in Type 316 Stainless Steel Irradiated
in HFIR (Japan Atomic Energy Research Institute, assigned to Oak Ridg
National Laboratory and Oak Ridge National Laboratory) . . . . . . . . . . . . . . . 275

Solution-annealed (S4) type 316 stainless steel was irradiated to 36 dpa
at 600°C in HFIR. Large irradiation-produced (100 to 270 nm) precipitates were
observed in Irradiated specimens and many voids (3 to 30 nm in diameter) were
attached to these precipitates. In addition, many fine helium bubbles (1 to 5 nm
in diameter) and dislocation loops (~5 nm) were cbserved inside these precipitates.
Most of these precipitates were Identified as MiC (eta) phase, enriched in Ni, Cr,
Mo, and Si.
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€.2.3 Temperature Dependence of Swelling in Type 316 5tainless Steel Irradiated
To About 33 dpa In HFIR {Japan Atomic Erergy Research Institute, assigned
to Oak Ridge National Laboratory and Oak Ridge National Laboratory

Solut fon-annealed (SA) and 20%-cold-worked (20% (W) type 316 stainless
steels were irradiated in HFIR vp to 33 to 36 dpa and 2250 to 2335 spom He at
Irradiation temperatures of 300 and 400°C. Small bubbles (1.5 to 4.5 nm in
diameter) were uniformly dispersed throughout the matrix at concentrations in
the range 2 to 4 x 10°" w . Swelling was very low (below 0.2Z%) in both
materials. In SA materials, cavity size rapidly increased while the number
density decreased at irradiation temperatures of 500°C and above. Swelling
appeared to be a maximum at 500°C (>1%). Most of the cavities were voids ar
600°C. On the ather hand, In 20 CW specimens, cavities were much smaller,
with diameters of & and 9 nm at 500 and 60v°C, respectively. The cavity number
dencity at both 509 and 600°C (~1 x 10°% m ") was about one order less rhan at
400°C. Swelling slightly increased as irradiation temperature increased,
peaking ar 660°C (0 3%j. Inhibiticn of swelling by cold working was more
effective at temperatures above 500°C.

6.2.4 The Development of Austenitic Stainless Steels for Fast Induced-
Radicactivity Decay (Ozk Ridge National lLaboratory) . -

Tensile properties were determined for six Fe-Mn-Cr-C alloys that were nsed

previously to determine the austenite-stable region in that system. The steels
were tested in the solution-annealed and Z207-cold-worked conditicns. When the
results were compared with tvpe 316 stainless steel, the average behavior of the
five steels compared favorably with the ternsile behavior of type 316 stainless
steel.

6.3 Vanadium Alloys

6.3.1 Preparaticn and Fabrication of Vanadium Bese Alloys (Argonne National
Laboratory) e

Injtial phases In the production of V-Cr-Ti alloys have been completed.
All steps in the process flow sheet (1) have becen activeted on production of
the V-15Cr-5T1 ternary alloy. Sufficient matcerial was processed to gencrate
a 9.65 cm (3.8") diameter cast ingot weighing 13.1 kg (29 pounds). Subseguent
hot extrusion provided a change in geometry to the billet to remove the cast
structure and produce a rectangular shape to initiate hor rolling procedures.
This extrusion has been subdivided and is currently passing through final
processing operations, which include hot rolling, warm rolling and cold
finishing steps. Flat stock is now being accumulated, while characterization
work such as chemistry, non-destructive testing and metallocgraphy Is on-going.
Plans for the fabrication of the V-10Cr-57i alloy have been Adefined and the
initial alloy consolidation 1s under wav.

In addition, this effort provides for correlation of complimentary fabri-
cation work on V-12Cr-571 and V-10Cr-107T1 alloys at Teledyne Wah Chang Albany.

6.3.2 Development of a Vanadium-Base Alley Structural Material (Argonne National
Laboratory) . e e e

The V-3Ti-151, V-5T1, V-20T7, and V-i50r- 5T alloys were frradiaeted at
E50°C with 4.0-MeV 'V'* jons to 50 dpa. Veoids were not visible in the
irradiated alloys. Coherent precipitates were produced in the Irradiated
V-5T7 and V-15Cr-5Ti alloys. The precipitates were noncoherent with the
matrix in the V-2071 allcy and partially cohcrent in the V-3Ti-1S7i alloy.

The foermation of coherent precipitates may coutribute to the greater suscep-
tibility of the V-15Cr-5T7i alloy, in compariseon to the V-20Ti and V- 3Ti-15]1
alloys, to irradiation hordening and lovss of ductility after nmeutron irradia-
tion. A test matrix for jrradiation of V-base alloys in the FFTF reactor
during cvcle ¥ is presented.

6.3.3 Effect of Preinjected Helium on the Response of ¥-20T3 Pressurized Tubes to
Neutron Irradiation (Oak Ridge National Laboratcry) .

Vanadiuww- 207 titanium tubes, pressurized tu stresses of 34 and 39 MPa, were
irradiated in the Experimental Breeder Reactor (EBR-II) at 700°C to a fluence of

3.9 x J0®° n/m?, corresponding to a displacement damage level of 27 dpa. Sec-
tions of the tubes were injected with 15 appm lle prior to irradiation to deter-
mine the effect of helijum on the microstruciucal and creep response of this
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6.4 Copper
6.4.1

6.4.2

alloy to irradiation. It was found that helium promoted cavity formation,
primarily within existing precipitates, but total swelling remained Iow. Under
some conditions, am apparent enhanced creep deformation due to the presence of
heljum was found. The results suggest that the increase in creep deformation in
the presence of helium may be very sensitive to stress.

Alloys

Effects of Neutron Irradiation to 63 dpa On the Properties of Various
Commercial Copper Alloys (Westinghouse Hanford Company)} .

High purity copper and six commercial copper alloys were neutron irradiated
to 47 and 63 dpa at about 450°C in the FFTF. Immersion density measurements
showed a wide range of swelling behavior after irradiation to 63 dpa. At one
ex!reme was CuBe in the aged and tempered (AT) condition which had densified
slightly. At the other extreme was 207 CW Cu-0.1% Ag which swelled over 45%.
Electrical resistivity measurements of high-conductivity alloys followed trends
similar to previously published results for the same alloys irradiated to
16 dpa, namely a continued requction in conductivity with fluence which appears
to relate to transmutation products and, somewhat, to void formation and
defect cluster development. At 63 dpa, the electrical conductivity of zone-
refined copper had decreased significantly. The reduction was toc a value
comparable with that of the irradiated Cu-Al125-the Al,0, dispersion strengthened
alloy. Conversely, for the moderate conductivity alloy CuBe, the electrical
conductivity was unaffected for irradistion greater than 16 dpa. These results
of the irradiated material were compared with electrical conductivity of unifrra-
diated alloys examined after aging for 10,000 hours.

The most irradigtion resistant high-conductivity, high-strength copper
alloy examined after 63 dpa is Cu-A125 followed by MZIC. Cu-2.08e, only a
moderate-conduct ivity alloy, exhibits very consistent irradiation resistant
properties. Thus, Cu-AlZ25 and MZC appear itn be acceptable candidates for high
heat flux materials in fusion reactor applizations,

Neutron Irradiaticn of Copper Alloys--Fhase II {Westinghouse Hanford
Company) . . . . . . . . . . . ... ... -

A second generation copper alicy experiment has been designed, burle, and

Inserted into the Fast Flux Test Facility (FETF) For irradiation. The axperiment

test matrix is heavily biased toward the exswination of oxide-dispersion-
strengthered (ODS) copprer-based alloys. This material exhibhited the most irrs-
disticn resistance of the alloys examined after fast reactor 1rradiation o
fliences up teo 63 dpa. The current experiment included matrix and weldment
specimens of commercial ODS alloys that werc designed to be wer’able.

6.5 Environmental Effacts On Structural Alloys

6.5.1

6.5.2

Environmental ard Chemical Effects Cn the Properties of Vanadium-Base
Alloys (Argonne Nztional Laboratory) P .

The susceptibility of V-15Cr-57i to stress corrosion crdcking in water at
288°C has been evalvated by means of constant extension rate temsile {CERT)
tests. The test envircnments include high-purity water as well as water con-
taining controlled levels of S0 and NC,™. Strair rates from 1 x 10°¢ ro
5x 107% 5! were employed, and dissolved oxygen levels ranged from <0.005 to
7.9 wppm. No stress corrosion cracking was observed under any of the test
conditions. Electrochemical potential valuves as a furction of dissolved oxygen
content were obtained from V-15Cr- 571, Type 304 stainless steel, and platinum
electrodes in the high-temperature water.

Cerrosion Studies In Thermally Convective Lithium: 12Cr-1MoVW Steel and
Low Activation Austenitic and Ferritic Allays (Oak Ridge National Laboratory) .

Results from experiments with austenitic and ferritic steels exposed to
lithium yielded further evidence for the important role of chromium reactions
in the corrosion process. Preliminery indications from the analysis of weight
ckange data for a low nitrogen Fe-Cr-Mn steel exposed to thermally convective
1ithium at 500°C for 2856 h revealed that the nitrogen concentration alone can-
not account for the chromjun reactions observed for Fe-Cr-Mn alloys in molten
Lithium. Additional surface analysis of standard 1iCr-1MoVW steel specimens
exposed in a thermal convection loop circulating lithium between 600 and 4350°C
confirmed the presence of chromium enrichment at intermediate temperatures. An
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initial study of low activation ferritic steels in thermally convective lithium
at 500°C was complceted., Results showed low weight losses typical of standard
ferritic steels exposed under similar conditions. Steels containing a signifi-
cant concentration of manganese appear to be slightly less corrosion resistant
than one containing only 0.02% wt I of this element.

6.5.3 Llong-Term Corrosion of Type 316 Stainless and 12Cr-1MoVW Steels In

Thermally Cenvective Po-17 at. % Li (Dak Riage Naticnal Laboratory) .

Durirg the o irrem* reporting period, long-term (10,000 k) baselinc thermal

convection loop experiments with austenitic and ferritic steels exposed to FPb-17
t. ¥ L7 were completed. The 500°C data confirmed the aggressiveness of the

Jead- 1ithium enviroment. Surface analysis revealed uniform attack of 12Cr- IMoVW
steel with minimal change in surface composition. In contrast, the type 316
stainless steel suffered irregular attack and preferential dissclution of nickel
and chromium. These observations are in accord with a model that predicts such
nonuniform attack under conditions of selective leaching. Mass transfer profiles
revealed that, In the case of type 316 stainless steel, the maximum deposition
was pot at the coldest point in the loop. Such behavior can be attributed to
the product of thermodynemic and kinetic factors that vary oppositely with
respect to temperature.

£.5.4 Corrosion of Ferritic Steels and V-15Cr-5T1 Alloy In Flowing Lithium

(Argonne National _aboratory)

Corrosion data are presented for several ferritic steels and the V-15Cr-5Ti
alloy in a flowing lithium enviromment. The dissolution rates of low-activation
ferritic steels and V-15Cr-5Ti alloy are compared with those for HT-9 and
Fe-9Cr- IMo steels. The influence of nitrogen content in lithium on the corrosion
behavior of these alloys Is discussed,

6.5.5 Corrosion of Ferrcus Alloys In Flowing Pb-17Li Environment {Argonne

National Laboratory)

Corrosion data have been obtained on low-activation ferritic steels iIn
flowing FPb-17 at. ¥ Li epvironment at temperatures of 482 and 371°C. The
results are compared with the dissolution behavior of ferritic KT-9 and
Fe-9Cr- 1Mo steels and the austenitic Type 316 stainiess steel.

7. SOLID BREEDING MATERIALS

7.1

7.2

The Thermal Conductivity of Mixed Beryllia/Lithium Ceramic In Sphere-Pac Form
(Argonne National Laboratory) e e e e e e

Lithium-containing ceramic tritium-breeder materials have been envisaged to be
deployed within the blanket region of & fusion reactor in several possible configu-
rations. Ore of these is the sphere-pac configuration. For this configuration an
Important material parameter is its thermal conductivity (Ksp). It is well known
that Kﬁ demonstrates rather complex behavior as a function of temperature, gas
pressure gas composition, particle size, and packing fraction. The interrelation-
ship of these parameters has been sarlsfacrorljy accounted for with a hierarchical
effective media theory (HEMT). For tritium self sufficiency, most lithium ceramic
breeder materials would require the presence of & neutron-multiplier (e.g., Be or
BeQ). Here, the infivence of configuration on Kgpn (i.e., how one put the different
solid components together in the sphere-pac bed) gecomes Important. Using &
generalized HEMT (i.e., & model with capability to describe systems with more than
one solid matertial component), we have analyzed in detail the configurational depend-
ence of KSP for sphere-pac beds composed of lithium ceramic/Be0 microspheres. Sub-
stantial improvements in K., can bo achieved if a configuration of lithium ceramic
spheres coated with Bel) is chosen. Increases in Xsp would lead to enhanced mechanical
and therimal performance of the breeder materials.

Beatrix Materials Exchange In the International Community (Argonne National
Laboratory, US Department of Energy, and CEN/Saclay) . e

The BEATRIX experiment is an IFEA-sponscred effort that involves the exchange of
solid breeder materials and shared Irradiation testing among research groups iIn
several countries. The materials will be tested in both closed capsules (to evaluate
material lifetime) and opened capsules (to evaluate purge-flow tritium recovery).

Pre- and post-irradiation measurement of thermophysical and mechanical properties will
also be carried out.
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7.3

7.4

7.5

7.6

7.7

7.8

Adsorption, Dissolution, and Desorption Characteristics of the L1A102 H,0 System
(Argonne Natioral Laboratory) . e e e e

Experimental measurements are being made of surface adsorption of H,0 on LiAl0,,
the solubility of hydroxide in LiAlQ,, and the kinetics of release of N,0 from LiAl0,.
Up to about 500°C, evolution of H,0 is first order in dissolved protons (hydroxide).
At higher temperatures, the reaction appears to shift to second order. Solubility of
hydroxide appears to decrease with increasing temperature. A second condensed phase
can appear at about 315°C for a partial pressure of H,0 of 550 vppm. The critical
partial pressure of K,0 to form a LiOH-rich second phase can be similar for all
breeders. Two different kinds of lattice sites appear to be involved in hydroxide
dissolution. Surface adsorption of molecular oxygen or hydrogen can be understood to
influence tritium release rates markedly; the thermodynamic and kinetic effects of
these gases on the reledse rates operate in the same direction. ''Tritium" diffusion
1s to be identified with triten diffusion.

S01id Breeder Materials Fabrication and Mechanical Properties (Argonne National
Laboratory) e e e e e e e e e e e .

The preliminary measurements of mechanical properties of lithium oxide were
completed. Several batches of lithium zirconate (Li,2r0,) powder were synthesized
and sent to Hanford Engineering and Development Laboratory to be fabricated into
FUBR-18 replacement capsules. [Lithium oxide powder was prepared and the fabrication
of ring-shaped Li,0 samples was initiated for the CRITIC experiment. Mechanical
properties tests were Initiated on LiAl0, and Li,Zr0,. Approximately 4000 kg of
sintered lithium carbonate blocks were prevared and sent to Japan for neutronics
cross-section tests.

Tritium and Helium Retained In Fast Neutron Irradiated Lithium Ceramics As Measured
By High Temperature Vacuum Extraction (Westinghouse Hanford Company)

A vacuum apparatus was designed and constructed for the rapid measurement of
retained helium and tritium in lithivm ceramics. The apparatus eliminated the
limitations and errors associated with the acid dissclution technique and the previous
vacuum annealing technique (below the melting point) and allowed more accurate and
less expensive analysis technigues.

Tritium retention in Li,Zr0, was significantly less than in the other ceramics.
Tritium retention appears to possess a proportiocnal dependence to burnup. A review
of available models reveals that none fully described the absolute magnitude or the
relationship of retention to temperature or burnup so that a model which considers
irradation effects is desired.

Time Dependent Analysis of In Situ Tritium Release Curves From The VYom-22H Experiment
(Westinghouse Hanfcrd Company) e e e e

An analysis method was developed which allows the transient response of In situ
tritium recovery experiments after temperature change steps to be used in calculation
of diffusion coefficients. The papers by Kurasawa et al. on the conclusions reached

from this work are available in the opern literature and will not be reproduced be here.

The Fubr-1B Experiment And Beatrix (Westinghouse Hanford Company)

The first insertion of two subassemblies has completed its irradiation in December

1986. This frradiation exposed Li,0 and LiAlG, to not only high temperatures but also
large temperature gradients which are expected In fusion blankets. In addition, it
included other materials such &s Li,2r0;, LigZr0g, Li,S5i0, and LiA10, (spheres and
large grain size) some of which will go to high burnups.

The second insertion will contain lithium ceramics from Saclay, France; Casaccia,
Italy; Karlsruhe, Federal Republic of Germany; Springfield Laboratories, England; and
JAERI, Japsan.

Lithium Transport Within Closed Irradiation Capsules Containing Lithium Ceramics
{Westinghouse Hanford Company) C

Lithium was transported within the FURB-1A capsules which contained L[i,0 and Li,5i0,.
The temperature and lithium burnup dependence, along with the absolure magnitude of this
transport, suggest that it was caused by the formation of LIOT gas above the Li,0 pellet.

Although transport in Li,0 blanket designs with high temperatuare purge channels can

produce extensive material transport, the transport within the blanket may be limited by

the localized burnup of the lithium.

XV

362

367

368

376

380

384



8.

7.9

7.10 The Effect of Irradiation Cn The Thermal Conductivity of Lithium Ceramics
{(Westinghouse Hanford Cempany) .

An appara wus for measuring the thermal conductivity of irradiated lithium ceramics to
$00°C was destined, fab-icated, ard tested. Special attention was necessary In order to
gccommodate tritium released during the high-temperature measurements.

CERAMICS
8.1 In-Waveguide Mrasurements of MMW Cielectric Properties of Candidate Fusion

8.2

8.3

Pellet Integrity And Swelling OFf Lithfum Ceramics {Westinghouse Hanford Company) .

Differences in the pellet integrity of lithium ceramics irradiated in the EBR-17
reactor were observed to be reiated fo the Jevel of thermal strains within the ceramics

which resulted from differences in thermal conductivity and thermai expansion of the solids.

Swelling in Li,0 was found to be sign.ficantly greater than that of Li,Zr0,, LiAl0,, and
L1,85i0, at hign temperatures. At 500°C, Li,0 exhibted axial shrinkage which resulted in
overall volumerric shrinkage of the pallets which Iis not presently understood. The

high temperature swelling of Li,0 is thought to be caused by the high helium retention
in this solid.

Ceramics {Los Alamss Naticnal Laboratory)

The "'rf window' in the first-wall structure of an MFE reactor is a crucial
component for introducting powerful MMy beams into the plasma for electron cyclotron
rescnance fheating (FCRH). As a follow-up to our prior findings of ser.ous neutron-
Irradiation- induced damage to the MMy dielectric properties of polycrystalline alumina
and beryllia for such windows, unirragiated specimens of silicon n.tride and aluminum
oxynitride ("ALON") Ffrom US and Jasanese sources were machined and inserted into WR-10
waveguide for compuierized measurement of k aud tanld from 20 to 10C56z. The ALON was
found to have a dielectric loss factor ktanl of 0.0035 compa-able to that for the
alumina of last year's work Ity spinel-type siructure 1s kiown to resist swelling and
other wechanical property damage. A low-loss form of hot-pressed silicon nitride was
also discoverad.

Other progress includes computerized dsta reduction, and calculation of a correc-
tion factor yielding slightly smiller values of k and tanb tnan reported in last vears'
SPM Progress Repcrt on alum.na and bery.:1a. Such steps are important: the in-
wavegulide drproach at 100 GHz toierates the small-sample requirements of fission-reactor
Irradiation srtudies (frec-space technigues do not) ard facilitates data collection over
a wide frequency band.

Properties and Racdiation Resistance of the Candidate RF Wincdow Materials SiC and
A1,0; (Los Alamcs National Laboratory and Oraka University)

RF windows must withstend trensmissicn of an irtense EBoam of electromagnetic
energy. [If absorption Is excessive as a result either of intrinsic lossiness or
degradation upon exposure to the operating ervironment, the resulting thermal stresscs
can cause structural forilure. Samples of two candidate materrals for this application,
Hitaceram SC-1C01 SiC and AD-%35 Al,C,, are currently being irradiated with 14 MeV
neutrons at amblent temperature in ATNS-I1; at this writing a f{luence of 4 x 10%% n/m?
has been atrtained. Work to daie kas shown that ip unirradiated form the 5iC exhibits
low transmissivity but moderately high reflectivity at 10'' Kz, leading to consideration
of its use &5 a mirror 1n KF heating systers. The alumina bas ecrough transmissivity
before irradiation to qualify this ceramic for further study &s 8 window material under
moderate irradiation conditions.

Cn Neutrcn-Induced Damage tc the Millimeter-Wave Dislectric Properties of Alumina
{Los Alamos Natioral Labcratery and Massachusetts Institute of Technology) . .

We report the {ollowing findings concerning the previously reported doublirg of
the dielectric losy factor messured (post-radZation) at 90-13664z and room temperature
for Coors AD995 alumina Irrédiated to an averaged fluence of .95 x 10%% njmt
(E > 0.IMeV) at 385°C, in ccnnection with the potential use of alumina as an rf-window
material at ECRH freqicncies:

*There 1s some evidence such a doubling may be relatively independent of frequency
regions where strong dielectric dispersion is lacking.

*Associated with this doubling Is a dense network of dislocation loops, apparently
interstitial (as evidenced by TEM}, and lattice strain Iin the basal planes (as
evidenced by neutrcn diffrecticn).

#No evidence was found for colloidal aluminum formation.
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*Possible mechanisms for the doubled dielectric loss include electromagnetically-
Induced vibration of dislocation entities, and interactions with point defects produced
by displacement and transmutation events. Any future specification for a usegble
fusion ceramic at ECRH or lower frequencies (as for ICRH) will have to include more
than a tabulation of desired property values, since compositional, microstructural, and
processing variables are also important. These include the relative concentrations of
major impurities, firing temperature, and cooling rates after firing.

9. SUPERCONCUCTING MAGNET MATERIALS . . . . . . . . . . . . .. . . . . ... a7

9.1

Irradiation Effects of Organic Insulators (Natiomal Bureau of Standards) . . . . . . . .. ., 419

An integrated approsch has been developed for rapid screening of the influence of
component variables on the performance of electrical insulators required for super-
conducting magnets in magnetic fusion energy systems. It incorporates an efficient
method of specimen production In the form of 3.2-mm (0.125-in) diameter rods. Test
methods include short-beam shear, fracture strength (Gr.}), and strain-controlled
torsion. The torsion test induces failure between the fiber and matrix, which is
expected to be the dominant fgilure mode induced by cryogenic irradiation. In addition
to providing quantitative data on the modulus of rupture and of rigidity, the strain
control feature facilitates analysis of the stress-displacement curve in the region
where damage is occurring, providing useful information om how the various component and
irradiation parameters are influencing the failure mode. The torsicnmal test facility 1s
easily constructed, provides rapid specimen turnaround, and has a Ilow consumpt ion of
cryogens. A specimen subjected to a torsion test may be subsequently tested by the
short-beam and fracture strength methods, enabling five tests to be performed on the same
specimen. Glass-fiber reinforced specimens having three types of epoxy matrix and one
type of polyimide matrix have been produced and submitted to ORNL for irradiation in the
NLTNIF facility, after which they will be returned to NBS for testing by these methods.
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