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(Oak Ridge National Laboratory and Midwest Technical, Inc.) . . .+ .« « .« .« . 2

Design and fabrication of four HFIR-MFE R3* capsules (60, 2z¢¢, 330, and 400°C)
to accommodate MFE specimens preirradiated in spectrally tailored experiments in the
ORR gre proceeding satisfactorily. These capsule designs incorporate provisions for
remoyal, examination, and reencapsulation of the MFE specimens at intermediate exposure
levels en route to a target exposure level of 30 displacements per atom ¢dpa). Kith
the exception of the 64°¢ capsule, where the test specimens will be in direct contact
with the reactor coeling water, the specimen temperatures (monitored by z; thermocouples)
will be controlled by varying the thermal conductance of a small gap region between
tbe specimen holder and the containment tube. Hafnium sleeves will be used to tailor
the neutron spectrum to closely ratch the helium production-to-atom displacement

ratio (14 appmldpa) expected in a fusion reactor first wall.
Assembly of the 60 and 33¢° capsules is complete and irradiation of both will begin

when the HFIR returns to full power operation. Preparation of fabrication drawings
for the 200 and 400°¢ capsules is scheduled to be completed by the end of 1988,
Fabrication of parts and assembly of the 200 and 400°c capsules are scheduled for com-
pletion by 2:id-7F 1990; operation of these two capsules will follow the first two (60
and 330°C).

Status of Y.§./Japan Collaborative Program Phase II HFIR Target Capsules
(Oak Ridge National Laboratory) . « « v v v & v 4 0 v v v & 0w 0 s v u s

The experiment matrix for the Phase 7J HFIR target capsules ¢/2-9 through -6}
was refined by adding insulating spacers and adjusting the positions of certain specimens.
Additional thermal analysis was required to account for these changes and to correct some
discrepancies discovered in the earlier analyses. Selected parts required revision or
repaking and are currently on order.

All specimen subassemblies were assembled during this period, although the
SS-3 and Tensile 7sr specimens were disassembled to incorporate the redesigned holders.
These will be reassembled for installation into the various capsules as the parts
become available.

As noted in previous reports, all sight capsules will be assesbled and installed in the
HFIR &eginning with the first full power operating cycle.
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2.1

2.2

2.3

Helium Generation in Fusion Reactor Materials (Rockwell International) . . . . . . . . . . . 16

Helium analyses and neutron fluence characterization have been initiated for two
Rotating Target Neutron Source-I7 ¢RTHS-IT) irradiations, with the objective of
determining several new total helium production cross sections. A constant temperature
furnace 4&s been rebuilt and tested for the measurement of helium concentrations
in materials irradiated at significantly lower neutron fluences, and used for the
meagsurewsnt of kelfum concentrations in aluminum by lI0-MeV neutrons.

Neutron Fluence Measurements for Helium Production Experiments at RTNS II
(Argonne National Laboratory) . . « & @ @ v o i v v v b i e e e e e e e e e e e e e s .. 18

Results ars reported for #wo experiments at RTNS 77 designed to measure helium
production cross sections near 14 MeV. The first experiment in January, 1987, received
fluences from 7 to sxi¢'% a/ca® at an angie of 75° with an average neutron szergy of
14.3 MeV. The second add-on zxperisent from February to May 1987 was irradiated at an
angle of IO with a mean neutron energy of 13.8 MV and neutron fluences of
1.5 to 2.0%x10'° a/ca*. Helium measurements are now in progress at Rockwell International.

Production of ®*2*Mo and *?™Nb From Mo at 14.7 MeV (Argonne National Laboratory) ., . . . . 22
lon-exchange chemical reactions have teen performed to separate M and Nb in natural

polybdznua sawples irradiated with 14.7 M neutrons at RTINS 77. X-ray counting has been
performed to determine preliminary activation cross sections of about 580 =5 for



' Mo(n,20)**Mo(3500 y) and 0.73 mb for Mo(n,x)* ™Nb(16.1 ). Separations are now in

rogress for *"Moo-enrichedsamples. These data are needed to calculate the production of
ong-lived isotopes in fusion reactor materials.

2.4 Radioactive Waste Disposal for Fission and Fusion Reactors (Pacific Northwest Laboratory)

The calculated radioactive waste inventories of the Turkey Point pressurized water
fission reactor ¢»¥R) and the Starfire conceptuel fusion tokamnk are compared as a function
of time from initial start-up to {0,000 years after dscommissioaing. Only material out
of reactor at least one year is considered. Tke total activity in ¢4/¥(th) of the Starfire
tokamak is slightly greater than that of the P¥® during the active lifetimes of the &we
reactors and beyond 1000 years. d&ewsvsr, using reduced activation materials in Starfire
can result in about /2000 as much long-lived radiosctivity as in the fission reactor.

It is stressed that comparison of wastes on this basis is not straightforward, since the
radioisotopes and eethods required for their disposal are different for fusion and fission
reactors.

3. MATERIALS ENGINEERING AND DESIGN REQUIREMENTS . . . & & v & v 4 v v v v e e v v n e n a e x n s
3.1 Materials Handbook for Fusion Energy Systems (McDonnell Douglas Astronautics Company)
The effort during this reporting period has focused on three areas:

Automation of the Handbook =~ Work is proceeding ahead of schedule in the development of
an electronic materials Aandbook, with a prototype system now operational on the XFE
computer network.

International Materials Handbook -~ In June agreement was reached on the creation of
an International Fusion Materials &eadbook, which would be under the auspices of the
IEA and have a format similar to the ¢.S. Naterials Zendbook.

Suppart of ITER Materials Data Base - An International =maceri2ls workshop was held

in August at the ITER design site to review the status of the meterials data base.
Recommendations were made to create a design data book specifically tailored for use
on ITER, that would not have the saws level of authority as the ¥.8. and International
Materiels Fandbook.

4. FUNDAMENTAL MECHANICAL BEHAVIOR . + + v v v v v s i i v v v v v h n a s s s s a a a s s

4.1 Tensile Properties of Neutron Irradiated A212B Pressure Vessel Steel
(Pacific Northwest Laboratory) . . & & v v v v v v v o e h h e e e e e e e e e e e s

42128 steel is the primary constituent of the pressure vessel of the #igh Flux
Isotope Reactor ¢(#FfR}. Most of the existing data on mechanical properties of this
and related steels are for higher temperatures and damage rates than those to which
the BFIR pressure vessel is subjected. Data at Iowsr temperatures and damage rates
are, therefore, necessary to estimate ths performance of 42128 steel at the conditions
of service, provided that correlations can he developed which are applicable to data
obtained at different temperatures, damage rates and neutron spectra.

To add to the data base for 42123 steel at lower temperatures and over a range of
damage rates, miniature tensile specirens of AZi2F were irradiated at $2°¢ in the Omega
West Reactor ¢(0¥&), receiving doses of from 9 x /2?? to 9 x 0% total n ¥™' (0.002 to
0.02 dps2) at a damage rate of 5 x 10-' dpa s~'. Rooe tespsraturs tensile tests showed
more than a 50% increase in yield strength at the highest exposure. Whendpa is
used as the exposure parameter, the observed changes inyield strength of 42127 are the
same as those produced in 43023 pressure vessel steel irradiated botk in OWR and with
14 MeV neutrons in RT¥S-I7. At 90°¢, 43025 shows little sensitivity to either neutron
spectrum differences or to damage rates ranging from 3 » 107'! to 5 x 107" dpa 57",
Based on the similar behavior of 42128 and 43028 in OK¥R, it appears that one can
assume that 42128 is similarly insensitive to displacesent rete at Jow temperatures for
levels above sbout 3 x 107'! dps 57",

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

5.1 On Precipitate Dissolution Using the Cascade Slowing-down Theory
(University of California, Los Angeles) . & & v v o o v v v v v v o e e e e e e e e e e

Thks dissolution parameter for precipitates under irradiation is evaluated using the

cascade s/owing=down theory. By using a diffusion length calculated for average recoils
in a collision cascade and by including electronic stopping in the theory, the results
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from the cascade slowing-down 2y e in reasonable agl:eement with_the results ¥
Muroga, Kitajima, and Ishino. SO, the results are con3istent with the experimental

observation by Sekimura et a..

5.2 Effects of Preinjected Helium in Heavy-ion Irradiated Nickel and Nickel-copper Alloys
(University of Wisconsin and Oak Ridge National Laboratory) . . . . . . « .« v ¢« & « v & o 45

Pure nickel and two nickel-copper alloys (¥#{-1¢ at.¥ Cu and ¥i-50 at% Cu} both
containing 50 s#ppe preinjfected helium have been irradiated with 14 MeV nickel ions at a
constant homologous temperature of 0.45 T,. The radiation-induced crystal defects have
been zn2lyeed by TE¥ with samples prepared in cross-section. In the helium preinjected
region of the pure nickel specimen. a substantial density of voids with an average
diameter of 35 nm was observed. The nickel-copper alloys were found to contain a high
density of small helium bubbles (under 5 nm in diameter) and dislocation loops. The
density of both dislocation loops and helium bubbles :rnzrz2ss2s with the increasing copper
content, and the size decreases with increasing copper content. The observed
resistance of the nickel-copper alloys to void formetion regardless of the presence of
helium bubbles, is considered to be the result of Iecal clustering of like atoms.

5.3 Radiation Damage and Copger Distribution in 14 MeV Copper lon Implanted Nickel ~
TEM and AEM Analyses in Cross Section (University of Wisconsin-Madison) . . . . . . . . . . . 55

14 MeV ¢y ions have been implanted into a pure Ni specimen at 30¢°¢ to a dose of
6 x 10%° jons/x*. TEM and 4&¥% analyses were performed in cross section to investigate the
effect of implanted ¢z on the formation of defect clusters. The TEM result has been com-
pared with that obtained in another Ni specimen which was irradiated with 14 MeV ¥ ions
to the same damage level st the same temperature. ¥:ile voids formed throughout ¢4e
entire damage range in the Ni ion irradiated sample, they zainly sppssrsd at the near sur-
face region and et the peak damage depth in t&= Cu ion implanted specimen. A high density
of dislocation loops formed in the region where implanted Cu ions were detected by 45#.
The 4=% result of the implanted cu concentration profile has been compared with a
Monte Carlo calculation.

5.4 Microindentation Hardness Changes in lon-irradiated Ni-Cu Alloys
(University of Wisconsin—=Madison) . . . & ¢ v v v 4 v vt b e x e e e e e e e e e e e e e 6l

The effect of radiation-induced dislocation loops on hardness in ion-irradiated Ni-Cu
alloys has been studied using a Mechanical Properties Microprobe (#24). A well annealed #:-
10 aty cu alloy and an alloy of ¥7-30 s¢% Cu were irradiated with 14 MeV Ni ions to doses of 20 to
100 dpa peak damage (5 to 25 dpa at | we) at 0.45 T, (485°C and 425°C respectively). Ultra-low
load microindentation hardness zsssursments and TEM znalyses were dons using cross-section
techniques. This method allows for direct hardness measurements of only the small irradiation
zone ¢< 3 uz deep) which have been compared to the unirradiated materials. Irradiation
induced a high density of dislocation loops with the size and density of the loops
dependent on composition and independent of irradiation conditions. This high dis-
location loop density caused a large increase in hardness. A reasonable correlation
was found between measured hardness changes and calculated changes based on dislocation
loop sizes and densities.

5.5 High Temperature Phase Separation in Fe-Ni and Fe-Ni-Cr Invar-type Alloys
(Massachusetts Institute of Technology and Pacific Northwest Laboratory) . . . . . . . . . . o4

We summarize and discuss critically the evidence concerning & high-temperature
siscibiifry gap in Fe-Ni and Fe-Cr-¥: Invar-typs alloys. Independent data regarding phase
separation are obtained from studies on three different classes of material: =msgznstlic,
lew=2xpansion Invar-type alloys; Fe-Ni meteorites; and model austenitic Fe-Ni and
Fe-Cr-Ni alloys studied for potential nuclear applications. These alleys show anomalies in
ragnet feat fon, thermal expansion coefficient, lattice parameter, single crys¢af elastic
constants, electrical resistivity, thsrzcslectric potential, solution thermodynamics, and
interdiffusion coefficient. Txe response of these alloys to long-term zzing In meteorites
and to a variety of irradiation treatments is found to be inconsistent with most accepted
or proposed phase diagrams. All results support the suggestion that Fe-Ni and Fe-Ni-Cr
Invar alloys are very metastable and exhibit a narrow coherent wiscibility gap with & peak
at about 3s5¢ Ni and 1I00%.

The existence of the high temperature miscibility gap has not been generally recognized
for several reasons. Firstly, the narrowness of the #{sc{bility gap at high temperatures
virtually precludes incoherent or coherent nucleation of a new phase and limits spgfnedal
decomposition to very small amplitude fluctuations which are hard to observe. Furthermore,
the essentially equal scattering power of Fe and ¥: for x-rays, zs well as for electrons
end neutrons makes the usual diffraction techniques inapplicable, and the fins scale of
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thermally-induced spinodal decomposition is not ckservable by optical or electron microscopy.
Only under the extremely slow aging conditions found in meteorites or in the erhenced diffusion

conditions fmherent in irradiation studies does phase decomposition beccwe sufficiently
advanced to ebserve using conventional microscopic observation techniques. A very recent
SANS study of Fe-34Ni isotopically enriched in ¥ has confirmed the tendency for this alloy
to decompose during thermal annealing and to develop large wavelength fluctuations in
composition during proton irradiation.

Computer Simulation of High Energy Displacement Cascades (Pacific Northwest Laboratory)

A methodology developed for #odeling many aspects of high energy displacement
cascades with molecular level computer simulations is reviewed. The initial damage
state is modeled in the binary collision approximation (using the MARLOWE computer

code),

and the subsequent disposition of the defects within a cascade is modeled with

a Monte Carlo annealing simulation (the ALSOME code). There are few adjustable param-

eters,

and none are set to physically unreasonable values. The sasic configurations

of the simulated high energy cascades in copper, f.e., the number, size and shape

of damage regions, compare well with observations, as do the measured numbers of
residual defects and the fractions of freely migrating defects. The success of these
simulations is somewhat remarkable, given the relatively simple models of defects

and their interactions that are employed. The reason for tbis success is that the
behavior of the defects is very strongly influenced hy their initial spatial distri-
bution, which the binary collision approximation adequately models. The MARLOWE/ALSOME
system, with input from molecular dynamics and experiments, provides a framework

for investigating tbe influence of high energy cascades on microstructure evolution.

DEVELOPMENT OF STRUCTURAL ALLOYS . v v v v v s i s v o e v v v e n e s s s s s s s a a o a s

6.1

Ferritic Stainless Steels v v v v v v v v v 4 4 4 0 s e e e e e e e e e e e e e e e e e

6.1.1

6.1.2

6.1.3

Irradiation Creep Behavior of the Fusion Heats of HT9 and Modified 9Cr—1Mo
(Westinghouse Hanford Company and Pacific Northwest Laboratory) ..

In-reactor creep data on the fusion heats of UT9 and a modified 2cr-IMo steel
have been obtained from irradiation of pressurized tube specimens in the FFTF reactor
These irradiations were conducted on specimens which reached -50 dpa at 400-546°C
and which utilized koop stresses ranging from O to Z0O Mpa. The creep behavior of
these two alloys was found to be similar and to be consistent with creep data on
related alloys irradiated in either EBR-11 or FFTF. A correlation describing the
irradation-induced creep component of deformation has been developed and compared
to the available data.

These ferritic steels were also shown to exhibit a superior resfstance to creep
and swelling at temperatures <520°C when compared to that of the AISI 316 and PCA
austenitic alloys also irradiated in the fusion materials program.

The Effect of Tempering and Aging on a Low Activation Martensitic Steel
(University of Wisconsin and Pacific Northwest Laboratory)

An aging and teapering study was done on a low activation martensftic steel.
The steel was tempered at 400 C, 500 ¢, 600 ¢, 700 £, ROO C, and 900 C for two
hours, and at 500 C and 700 C for twenty-four hours. Also, samples which had been
tempered at 700 C for 2 hours were subsequently aged for 1000 and 5000 hours at
365 €, 420 ¢, 520 ¢, and 600 ¢. Optical metallography, microhardness tests, and
transmission electron microscopy were used to characterize the samples. The results
indicated that the Ac, for this steel Ilies between 700 and 800 C. Precipitate
Identification showed that M,,C; was the primary precipitate which formed. A
manganese rich chi phase was also seen in the samples aged at 420 and 520 C.

Contributions from Research on Irradiated Ferritic/Martensitic Steels to Materials
Science and Engineering (Pacific Northwest Laboratory) e e e e e

A historical description of the development of ferritic/martensitic steels
for use in irradiation environments is presented with the intention of showing
how this development has benefitted materials science and engineering. Fast
breeder reactor and fusion reactor alloy development program contributions are
emphasized and it is demonstrated that ¥7-¢ is now the leading candidate material
for high radiation damage environments. The scientific basis for that selection
is described by showing the underlying cause of the improved swelling resistance
in martensitic steels. Examples are given demonstrating improvements #m basic
understanding, small specimen test procedure development and alloy development.
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6.1.4

Fluence and Helium Effects on the Tensile Properties of Ferritic Steels at Low
Temperatures (Oak Ridge National Laboratory) . . .« « « ¢« v o v o v v v v v v 0 v .

Tensile specimens of 90z-14eV¥b and 120r-1Mob¥ steels with up to 2 Ni and
24ce-1¥o steel were tested at room temperature after irradiation at ~30°C to
displacement-damage levels of 25 dpa in zhs RFIR. Nickel was added to the
ferritic steels to produce helium hy a two-step (n,a) resction with thermal neutrons
during irradiation in the mixed neutron spectrum of KFIR. Up to 327 appm He was
produced in the steels with 22 Ni. Irradiation caused an incrssss in the strength
of all the steels. With an increase iIn fluence, there was a decrease in the rate
of sersnges Increase, but the strength was still increasing after 29 to 25 dpea.
Strength increases were accompanied hy & loss of ductility, although the
ductility appeared to go through & minimum and »ss greater at the highest fluences
than at intermediate fluences. The results were interpreted to mean that the
transmutation helium that was generated during irradiation caused pert of the
strength increase.

6.2 Austenitfc Stainless Steels . . . . . . i i i it e e e e e e e e e e e e e e e e e e

6.2.1

6.2.2

6.2.3

Influence of Thermomechanical Treatment and Environmental History on Creep,
Swelling and Embrittlement of AISI 316 at 400°C and 130 dpa
(Argonne National Laboratory and Pacific Northwest Laboratory)

A comprehensive creep experiment on AISI 316 stainless steel involving irradiation
at ~400°¢ to 130 dpa has been completed. The influence of material and environmental
variables on creep and swelling of this steel at —-400°C is shown to have many
similarities with the hehavior «x4:5:te< In an earlier experiment conducted at
~5350°¢, hut significant differences are 2lsc apparent. These arise bscsuse the
400°¢ experiment was clearly conductad N a regime dominated by the kinetics of
eoine defect recomhination whereas the 550°C experiment was conducted in the
sink-dominated regime. At 400°C i+ is also shown that a severe zzbrittlzment
arises concurrent with -10% swelling, requiring careful handling of test specimens
and structural sssszbi725 at room temperature.

Neutron-Induced Swelling of Commercial Alloys at Very High Exposures
(Pacific Northwest Laboratory) . . « v v v v v v v v v v e e e e e e e e e e

Density change measurements have been completed on a wide variety of

commercially available structural alloys irradiated to neutron fiuence levels as

large ss 2.8 = 10*? njfcm® (&>0.1 MeV) or -140 dpa in EBR-I1 &t eight temperatures

Setween 399 and 650°C. While there was essentially no swelling in some ferritic

alloys and some austenitic superalloys, other zustenitic alloys exhibited a wide

range OF swelling depending on composition, heat treatment and irradiation temperature.
The swelling hehavior of the austenitic alloy system is shown to reflect

primarily the influence of the overall composition and tte irradiation temperature

on the duration of the transient regime of void swelling, and secondarily to

reflect the influence of precipitation and cold work.

The Phase Stability of the Austenitic Commerical low Actlvat|on Alloy AMCR
Irradiated in FFTF-MOTA (Pacific Northwest Laboratory) .

AMCR is one of #ive comercial Fs-Cr-Hn alloys with various thermal-mechanical
treatments irradiated in the Fast Flux Test Facility Materials Open Test Assembly
(FFTF-M0TA) to a dose of 75 dpa at 420°c and 520°C and to 60 dpa at §20°C (sss
Tables 1 and 2}. AUCR, when compared to the other commercial alloys with higher
chroms content, namely 13/18 Plus and Nitronic Alloy 32, shows no homogeneous
precipitation of M:3Cq, less heterogeneous ¥,5Cs and small grzins of a ferrite
in a largely austenite satrix.(1) jowsyer, the chrome level in the matrix is
depleted considerably in the aged thermal-mechanical conditions. There were
some tranformations to «’ and ¢ martensite prior to and during irradiation.
However, the amount of material transformed was much less than that which was
transformed in the irradiated simple ternary Fe-Cr-Mn alloys of similar
composition.(Z) AUCR achieves many of :4¢ goals set for tte performance of a
low activation_alloy for low temperaturs fusion rs2ctor service; that is, it
remains primarily austenite with a small vc/urs fraction subject to phase
transformations to « ferrite, a martensite, e martensite and M.:C¢ carbide.
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6.2.4 Precipitation Sensitivity to Alloy Composition in Fe-Cr-Hn Austenitic Steels

Developed for Reduced Activation for Fusion Application
(Oak Ridge National Laboratory) . v v v v v v v v 0 it it e e e e e e e s 203

Special austenitic steels are being designed in which alloying elements like
Mo, Nb, and Ni are replaced with Mr, ¥, V, Ti, andlor Ta to reduce the long-term
radioactivity induced by fusion reactor irradiation. However. the new steels still
need to have properties otherwise similar to commercial steels like type 316.
Precipitation strongly affects strength and radiation-resistance in austenitic steels
during irradiation at 400 to 660°¢, and precipitation is also usually quite
sensitive to alloy composition. The initial stage of development was to define #
base Fe-Cr-Mn-C composition that formed stable austenite after annealing and cold-
working, and resisted recovery or excessive formation of coarse carbide and
intermetallic phases during elevated temperature annealing. These studies produced
a Fe-12Cr-20Mn-0.25¢C base alloy. The next stage was to add tke minor alloying
elements ¥, Ti, V, £, and B for mere strength and radiation-resistance. One of
the goals was to produce fins MC precipitation behavior similar to the Ti-modified
Fe-Cr-Ni prime candidate alloy ¢PcA). Additions of Ti#V+F+B produced fine MC
precipitation along network dislocations and recoverylrecrystallization resistance
in 20h cold worked material aged at 8¢¢°c for 166 h, whereas ¥, Ti, W¢Ti, or
Ti+P+B additions did not. Addition of ¥+Ti+V+P+8 also produced fine MC, but
caused some a phase formation and more recrystallization as well. These new alloys.
therefore, achieved several of the initial design goals. Their fine MC precipitation
and recoverylrecrystallization behavior during aging is similar to that of the
PcA. Calculations show that the new steels have over 18° times less long-term
radioactivity than type 316.

6.2.5 Helium-Induced Degradation in the Weldability of an Austenitic Stainless Stee

Eéuburn University, Oak Ridge National Laboratory and Sandia National
aboratories, LIiVErmore) . . & v v v v v i e e e e e e e e e e e e e e e e e e e e s 222

Autogenous gas tungsten arc welding was performed on helium-doped type 316
stainless steel. Helium was uniformly implanted in the material using the "“tritium
trick' to levels of 27 and 105 appm. Severe intergranular cracking occurred in
both fusion and heat-affected zones. Microstructural observations of the fusion
zone indicated that the pore size, degree of porosity, and tendency to form cracks
increased with increasing helium concentration. Scanning electron micrescopy showed
that cracking in heliun-doped materials was due to the precipitation of helium
bubbles on grain boundaries and dendrite interfaces. Results of the present study
demonstrate that the use of conventional welding techniques to repair materials
degraded by exposure to radiation may be difficult if the irradiation results in
tha generation of even small amounts of helium.

6.2.6 Investigation of Low-Temperature Irradiation Creep of Austenitic Stainless Steels
in an ORR Spectral Tailoring Experiment (Oak Ridge National Laboratory and
Japan Atomic Energy Research Institute) . . . & & @ v v v v i i d o e e e e . 231

Irradiation creep was investigated in the alloys PC4, JPCA, and AISI 316
stainless steel. Tubes pressurized to stress levels of 50 to 400 MPs were irradiated
In the Oak Ridge Research Reactor (ORR} with the neutron spectrum tailored to
achieve the fusion reactor He:dpa value of 12 appmldpa in AISI 316 stainless steel.
Irradiation temperatures of 60, 330, and 402°C were investigated, and the irra-
diation produced B dpa and a maxiwum of about 100 appm He.

Irradiation creep rates of 2.2 to 14 x 10~* MPa™' dpa~' were observed at 66°C.
At 330 and 400°C irradiation creep rates of 1.3 to 3.5 x 10~* were observed, similar
to those found previously in similar experiments in the ORR. The low temperature
irradiation creep was interpreted in terms of a new model for irradiation creep
based on transient clinh-enabled glide.

The results are inportant in the design of experimental fusion reactors where
temperatures below 100°C are being considered for the operation of high flux
conponents.
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6.3 Vanadium AllOYS v v v v v v e e e e e e e e e e e e e e e e e e e e e e e e e e e e 241

6.3.1 Temperature Dependence of the Fracture Behavior and the OBTT for Dehydrogenated
and Hydrogenated Vanadium-Base Alloys (Argonne National Laboratory) . . . . . . . . . 242

The temperature dependence of the fracture behavior and the DBIT were determined
for the v-3Ti-0.55i, V-9Cr-3Fe-1Z2r, V=-10Cr-5T1, V-20Ti, V-15Cr-5T{, V-10Cr-10Ti, and
v-15T1i-7.5¢cr alloys from Charpy impact tests. The DBIT for these alloys was less than



6.4 Copper

6.5

6.3.2

6.4.1

6.4.2

30°C if the alloy was in the fully recrystallized, dehydrogenated condition. The
presence of 4¢¢-1000 appm, hydrogen in the V=-9Cr-3Fe-1Zr, ¥Y-10Cr-5T{, V-20Ti,
V-15Cr-5T1, V-10Cr-10Tf, nnd V=-15T1-7.5Cr alloys caused a significant increase
(46—225°C) of the DATT for these alloys. The DBIT for the ¥-37:-0.53f alloy decreased
with nn increase of the hydrogen concentration up to &t least 1002 eppm. The 2577
for these vanadium-hase alloys wes dependent on the combined concentration of

alloying elements. The v~3Ti-0.581, V-9Cr-3Fe-12r, V-207Ti, and V-1571-7.5Cr alloys
have an intrinsic resistnnce to crack propagarion whereas the ¥V-I15Cr-5T1,

V-10Cr-10T{, and V-10Cr-5T¢ alloys have a relatively low resistance to crack
propagation.

The Swelling Behavior of Vanadium Alloys at Damage Levels up to 124 dpa
(Oak Ridge National Laboratory) . . « v v v v v v o o o e e e e e e e e e e e e e e

After irradiation at 420°C to 124 dpa, V-15¢r-5T1 and VANSTAR-7 exhibited
negligible swelling, while ¥-377-151 and ¥-20TZ had swelling values of 0.64 and
1.12%, respectively. Helium, preimplanted to & level of 480 spp» vie the tritium
trick, increased the swelling in ¥-374-15; to about 2.5%. V~3Ti-151 disks
irradiated at 520 and 600°C to 26 and 43 dpa, respectively. also exhibited rela-
tively low swelling. Warm-working the alloy before irradiation reduced welling
at 520°c, but s!ighely increased swelling a& 00°¢ where recovery occurred.

1 T 2

Mechanical Property Changes in an lon Irradiated High Strength Copper Alloy
(University of Wisconsin—-Madison) . . « v v v v v v v v v v v n e e e e e e e e e

Mechenical property chnnges in a high-strength copper alloy as a result
of 14 MV Cu ion iIrradiation have been investigated using a recently developed
Mechanical Properties Microprobe (MPH). A Cu-1.5% ¥1-0.3F He alloy was
irradiated in both the cold worked and aged, and the solution snnssled and aged
condition, to a peak damsga dose of 40 dpa (i¢ dpa at | wuz} over the temperature
range of 100°c to 500°C. Ultra-low Joad microindentation hardness changes were
measured parallel to the ion bean and perpendicular to the ez direction, the
latter being zade possible by cross-section techniques. Both thermally-induced
and radiation-enhanced softening was observed in the cold-worked and aged
material and the amount of softaning increased as temperature increased. Irradiation
had wery little effect on the solution-annealed and aged material and only at
500°C was any thermally induced softening observed.

ITER Materials Data Base for Irradiation Effects on the Design Properties of
Cu-Ni-Be and Cu-A1,0, Alloys (University of Illinois and
Pacific Northwest Laboratory) . & & v v v v v v v i i i e e e e e e e

This report provides an ITER materials data »ase on irradiation effects in
copper alloys with regard to dirertor structural material applications. The data
base places emphasis on two copper alloys of particular promise: Cu-Ni-Be, a
beryllium solid solution hardened alloy, and cu-472¢, an oxide dispersion
strengthened alloy.

Environmental Effects on Structural AIIOyS . v v v v v v v v v v v i e e e e e e e e s

6.5.1

6.5.2

Influence of Carbon and Nitrogen Impurities on the Corrosion of Ferrous Alloys in a
Flowing-Lithium Environment (Argonne National Laboratory)

The dissolution of major alloy elenents, as well as chexical interactions
between N and Zr or Mo, control the corrosion behavior of ferrous alloys. Carbon
transfer does not appear to affect the dissolution behavior of ferrous alloys.

Influence of Hydrogen, Nitrogen, and Carbon Impurities on the Corrosion of Vanadium
Alloys In a Flowing-Lithium Environment (Argonne Nattonal Laboratory)

Vanadium afleys pick up N and C from and releass # to Li. Alloys with Ti or
Cr develop a N-rich surface layer. Chemical interactions involving C play an
important role in the dissolution behevior of V alloys. Results cbtsined in this
study indicate that # embrittlement as & result of a higher concentration of #
in Li is unlikely and tritium pickup by V alloys in the resctor structure will
not be significant .
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6.5.3 Molten Eutectic Pb-17Li Environment: Effect on Corrosion and Tensile
Properties of Ferritic Steels and Weldments (Argonne National Laboratory) 289

The dissolution rates of the weldment specirens are comparable to those of
the bese metal. The P5-17L1 enviroment has no deleterious effect on the tensile
properties of postweld heat-treated #T-% weldments.

6.5.4 Corrosion in Liquid Metal Environments: Effect of Cold Work on Attack
of Stainless Steel by Lithium and Mass Transfer of Standard and Reduced
Activation Steels in Pb-17 at. % Li (Oak Ridge National Laboratory) . . . . . . . .. 292

A microstructural influence on the ettack of PCA exposed to molten lithium
was ohserved when comparing annealed and cold rolled specimens. Weight loss
results for reduced activation austenitic and ferritic steels in Pb-17 at. &

L1 were similar to those measured for their standard counterparts. Further
examination of mass transfer deposits in long-term austenitic and ferritic steel
thermal convection Joops showed thet deposit composition was e function of
temperature only in the type 316 stainless steel system aad that, in contrast

to the type 316 stainless steel results, solubility-driven reactions appeared to
he the most important deposition process in the Fe-12Cr-iMoVW steel system.

7. SOLID BREEDING MATERIALS '+ & v v v v ot e e v v e e v e n e e e e e e e e e e e e 297

7.1 Adsorption, Dissolution, and Desorption Characteristics of the L1A10,-H.0 System
(Argonne National Laboratory) . . & v v v v v 0 v v v e e e e e e e e e e e e e e e e e e e s 298

Measurements of adsorption and solubility isotherms for the Lid10.-H,0(g) system
are continuing by techniques described in previous reports. In this report, the focus
of experimental results is on the adsorption process up to the breakthrough point and
on the immediate post-breakthrough rete of uptake as a means of determining corrections
for a second uptake process that is concurrent with the main adsorption process. Isotherms
are presented for adsorption of #,0(g) on LiA10, at 573 and 623 K. Fros these data,
together with earlier data on 673, 773, and 883 k,! isobars and isosteres were derived.
An overall analysis suggests thet two adsorption processes are involved: physisorption
at 573 K and below, and chemisorption at 873 & and ahove. Both processes function in
the intervening temperature range. Corrections were applied to the raw adsorption
data fros the breakthrough technique for postbreakthrough uptake of #,0(g). Adsorption
on non-BET surfaces is believed to he involved in these corrections for the lower
temperature isotherms.

7.2 Modeling of Tritium Transport in Ceramic Breeder Materials
(Argonne National Laboratory) . . . « « & & v v v & v 4 4 . 303

Tritium releese experiments performed on Lf,0 in the NRU reactor at Chalk River
(the CRITIC experiment) showed some uanusual results: when the temperature of the sample
was increased tritium release initially decreased then rose to a maximum and decayed
to steady state. Previous tritium release models cannot explain this type of hehavior.
A tritium release model hased on diffusion and desorption &s the rate controlling
mechanisms and having a desorption activation energy which is dependent on surface
coverage was developed. Calculstions of tritium release fro= this model are in good
agreenent with the ohserved tritium release from the CRITIC experiment.

8. CERAMICS . & v v v vt h et et h e n e e e e e e e e e e e e e e e e e e e e e 311
8.1 Detuning of Resonant RF Windows by Neutron Irradiation (Los Alamos National Laboratory) . . . 312

¥e present details here on calculations based on a model known for some tine but not
applied until very recently to radiation damege in the form of window detuning. It
incorporates the fact thet the transmissivity of a resonant r£ window depends, as any
resonant passive electromagnetic sIab, on the dielectric constant as well as on the slab
thickness == botkh of which can he changed by irradiation. A major consequence of
applying this zodel in the context of an alumina (a-A1,0;) or beryllis 'rf' window subject
(during Ecr# use) to swelling and dielectric changes induced hy fast neutrons
involves unwanted and potentially demaging reflection of millimeter wave (MMW) power
back toward the scurge (e.g., gyrotron).



8.2 Preparation and Characterization of Alumina Containing Enriched Oxygen Isotopes
(Oak Ridge National Laboratory) . . « v v v v v v v 0 4 0 4 4 0 4w omw s e N 1)

Alueina specimens enriched in "= Ohave been successfully fabricated from aluminum
Isopropoxids and water contaimimg the '70 isotope. The enrichment levels of specimens
subjected to different preparation schedules were measured using a nuclear reaction
analysis technique. Replacement of the "" Oisotope in the ceramic by atmospheric oxygen
was observed to occur readily. Successful fabricetion of suitably enriched alumina
specimens required all processing steps to be performed in vacuum or inert environments.
The optimized fabrication procedure produced enriched Al,0, specimens of >89.5%
theoretical density, -10 ws grain size, and a flexursl strength of 280 #Fa.

8.3 lon Irradiation Studies of Oxide Ceramics (Oak Ridge National Laboratory) . . . . . .. .. . 322

Specimens of Al,0,, g0, and Mgdl,04 have been ion irradiated at 25 End 650°C to
peak damage levels between 0.5 and 35 dpa. Initisl microstructural observations have
found tbat dislocation Jcops ars formed in all three ceramics #¢ moderate doses, with
more complex extended defects observed at high da=zage levels. The microstructure for a
given ceramic was qualitatively similar for both irradiation tezperstures. The lecops
observed in tkhe simple oxides ¥gd@ and 41,0, were smaller and of much higher density
than the leeps in spinel.
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