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Interim data needs to be established for candidate first
wall/blanket structural materials to permit uniformity of near
term design and structural analysis. During this quarter,
procedures for establishing and disseminating the needed
property values were examined and work was performed toward
identifying the properties requiring immediate attention.
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Application of strain range partitioning showed that use
of appropriate tensile and creep-rupture ductilities enables
reasonably good estimates of the influence of hold periods and
irradiation on the fully reversed fatigue life of type 316
stainless steel. Ductility values for 20%-cold-worked type 316
stainless steel irradiated in a mixed-spectrum reactor were
used to estimate fusion reactor first-wall lifetimes at neutron
wall loadings from 2 to 5 ¥W/mZ, Conjectural results indicate
a lifetime of 7.5 to 8.5 mMWyr/m? for loadings not exceeding
2 MW/m?; perhaps 10 MWyr/m? is possible since the wall will
be under vacuum and the data base is for tests in air.
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The atomic displacement and hydrogen and helium gas
production rates in a 10-nun-thick type 316 stainless steel
first wall have been calculated as a function of blanket
composition in a typical one-dimensional fusion reactor
model. For a 0.5-m-thick blanket, variations in the rates
of atomic displacement and hydrogen and helium gas production
of factors of 2.7, 1.3, and 1.2, respectively, were obtained.
The damage also showed a systematic decrease with increasing
first-wall thickness.
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The helium production to displacement per atom (He/dpa)
ratio expected near or at the first wall of a fusion reactor
for stainless steels and nickel-base alloys can be reasonably
reproduced in '‘real” time in fission reactors as a result of
the reactions 38Ni(7,Y)39N1(7n,0)%6Fe., The He/dpa ratio can be
reproduced by intermittent modification of the thermal-to-fast
neutron flux ratio since the He production will be dominated
by the thermal flux and the fast flux will determine the dpa.
This report summarizes neutronic calculations and experimental
design considerations to determine: (1) the needed change in
the thermal-to-fast ratio as a function of time, (2) the possi-
bility of using the EBR~II in conjunction with the ORR, and
(3 the configuration of the first experimental capsule.
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Type 316 stainless steel cold-worked 20% has been
preinjected with 200 at. ppm He and irradiated in E3R-II at
625°C to a neutron fluence of 1.6 x 1026 n/m? (>0.1 MV). The
preinjected helium results in 1.2 x 1022 cavities/a3 that are
5 nm in diameter, while the uninjected material contains no
cavities. The preinjected helium results in nearly an order
of magnitude more cavities, and these cavities are slightly
smaller than those produced by irradiation of the same material
in HFIR. Preinjected helium appears to have no effect on the
dislocation structure that develops during irradiation. However,
all cavities produced by helium preinjection are attached to
dislocations, as iIs observed after HFIR irradiation.
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Tensile tests were performed on type 316 stainless steel,
with and without 0.23 wt % Ti added, irradiated in the HFIR to
simulate fusion reactor first-wall conditions. Both annealed
and 20%Z-cald~worksd materials were examined and hardened more
rapidly than similar materials irradiated in EBR-II (containing
only trace amounts of helium) but had comparable ductility for
the fluences attained (2 x 1026 /w2, <0,1 MeV).
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Swelling-tensile samples of Nimonic PE-16 were irradiated
in HFIR at 55 to 700°C to produce simultaneously dpa levels from
2.2 to 16.7 and helium contents from 120 to 2960 at. ppm. These
conditions resulted in <2% swelling. The maximum swelling,
L.92%, was found at 300°C in solution treated and aged material.
The material solution treated only resisted swelling slightly
more than aged material. Neither material showed very strong
temperature dependence of swelling. There was no rapid, break-
away swelling above 600°C, as observed in type 316 stainless
steel and alloy 600. The fluence dependence of the swelling
suggests that an "incubation period” precedes significant
swelling.
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The irradiation of ORR-MFE-1 was completed June 28, 1978
with an irradiation of 72,698 MWnh (261.71 TJ). The experiment
has been disassembled, and the specimens are being examined.
Irradiation of ORR-MFE-2 began September 1, 1978, and it has
accumulated an exposure of 16,212 tWh (58.363 TJ).
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Approximately 2 «t % N in lithium significantly enhanced
the degradation of type 316 stainless steel, with the corrosion
rate decreasing as a function of time. At 500°C, the corrosion
was uniform, while at 600 and 700°C, grain boundary attack
dominated. As-rolled type 316L stainless steel had worse
corrosion resistance to nitrogen-contaminated lithium than
fully annealed type 316. We do not know whether the decreased
resistance is attributable to differences in microstructure or
alloy composition. While the corrosion of type 316 stainless
steel in Li—2% N is more severe than in relatively pure lithium,
such effects are expected to be transient in a closed system.
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Type 316 stainless steel thermal convection loops
containing molten lithium are being used to investigate the
effect of time on corrosion rates in lithium. Corrosion rates
are initially time dependent, decreasing up to 2000 h, and
constant after approximately 2000 h. Absolute weight losses
among three loops were quite reproducible at short exposures
(500 n) but diverged at longer times.
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A type 316 stainless steel thermal convection loop
recently began operation with the proposed tritium—processing
salt LiF-Licl-LiBr, Two additional thermal convection loops
are being used to study the corrosion properties of Lij3aFy,
and NaN0O;-KNO3-NaNOj3.
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The hydrogen dissolution and permeation characteristics
of the 562135 alloy of titanium have been evaluated. This alloy
was found to have a permeability of approximately 3000 times
greater than that of conventional 300-series stainless steels.
The observation of a pressure dependence somewhat greater than
half-power was construed as evidence for a permeation process
that is partially limited by surface impurity effects. Roughly
determined values for the solubility of hydrogen in the 55213
alloy were in the range of those reported for Ti—6% al—4% V.
The surface condition and mechanical integrity of the 36215
membrane appeared to be unaffected by approximately 2000 h of
hydrogen infiltration under typical power-reactor plasma-chamber
conditions with respect to temperature, gas pressure, and gas
composition.
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