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Materials Handbook for Fusion Energy Systems (McDonnell
Douglas Astronautics Company — St. Louis and Hanford
Engineering Development Laboratory) « « = = = = s s = = &« &

The Materials and Radiation Effects branch of the
offiece o Fusion Energy has established a mterials data
book for use in fusion related studies. This handbook will
be known as the Materials Handbook for Fusion Energy
Systems and initial copies should be available in the near
future. The handbook will be part of the Analysis and
Evaluation subtask group of ADIP and will establish the
data requirements and priorities for the preparation of the
individual data sheets. At the present time Analysis and
Evaluation suhtask group has given the data sheets to
support the ETF study the first priority. Based on recom
mendations from R. E. Nygren (ETF-Materiale) the first data
sheets will be those relating to the austenitic stainless
steels.

Assessment of Cyclic Creep-Fatigue Life of First-Wall
Structural Material (Oak Ridge National Laboratory) . . . .

Cyclic lifetimes for a fusion reactor first wall were
independently evaluated with #two methods: linear damage
summation (LDSJ), which is currently being employed for use
in ASME high-temperature design Code Case N-47, and strain-
range partitioning (SRP), which is being studied for inclu-
sion in the design Code. Despite their diversity, results
estimated With the two analytical techniques agreed
reasonably well in several practical design situations.
Furthermore, this excercise has reaffirmed our earlier
finding that 20%-cold-worked type 316 stainless steel could
be used as a fusion first-wall material meeting a
8 to 10 My-year/m® lifetime goal for a neutron wall loading
of about 2 Mv/m® and a maximm temperature of about 500°C.

MATRICES AND TEST METHODS DEVELOPMENT « w & & % u & = s » &

Initial Test Results on Miniature Compact Tension Fracture
Toughness Specimen (Hanford Engineering Development
Laboratory) | ] L ] | ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ]

Fracture toughness tests have been performed on
mintature circular tension specimens of HT-9 at room
temperature. The shape and size of specimens were tailored
for efficient stacking in EBR-II irradiation. Furthermore,
the number of specimens required will be reduced by using a
single specimen method. The electropotential technique has
been applied to obtain a calibration curve for voltage
change versus crack extension. Using this calibration
curve, J-integral measurements are imde. They are in
agreement with those from a multi-specimen method.
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A ALLOY DEVELOPMENT — AUSTENITIC STAINLESS STEELS = = = & =

The Influence of Irradiation on the Properties of Path A
Alloy Weldments (Oak Ridge National Laboratory) « « « « « &

WVeldments of type 316 stainless steel joining 20%-
cold-worked type 316 stainless Steel base metal have been
irradiated in the 57Ir over the temperature range 280 to
620°C. Fluences Up to 1.3 » 1026 w/nf [>0.1 MeV (0.02 pJ)]
produced 5.3 to 9.8 dpa and 170 to 480 at. ppm He. Tensile
tests at temperatures near the irradiation temperature
showed strength values greater than those of unirradiated
material for temperatures beilow 475°C but comparable with
the unirradiated strengths for higher temperatures. Maxi-
mum elongation occurred at 475°C but vas below unirradiated
values for all irradiation conditions.

B ALLOY DEVELOPMENT — Fe—Ni—Cr Alloys = = = = = = « = = &

C ALLOY DEVELOPMENT — REACTIVE AND REFRACTORY ALLOYS = =« =

Mechanical Property Testing of Unirradiated Path C Alloys
(Oak Ridge National Laboratory) s« « = = =2 s &« s = 2 s & &

Preparation for cyclic fatigue tests of vanadium-
based alloys has been initiated. 4ppropriate heat treat-
ments will be determined from the study of microstructures
of the annealed samples. Strain-controlled fatigue tests
of ¥b-1% Zr are continuing. Additional test results show
that #b—1% Zr has only marginally better fatigue resistance
than does 20%-cold-worked type 316 stainless steel tested
in the low-cycle fatigue range.

Microstructure of Titanium Alloys After EBR-II Irradiation
(McDonnell Douglas Astronautics Company — St. Louis and
McDonnell Douglas Research Labs) . « &« &« &« &« &« &« & & & & &

Bulk annealing experiments performed on Ti-641-4V
indicate that the beta precipitate observed, following
irradiation, was dissolved after annealing for 24 hours
at 650°C, The temperature where the precipitate dissolved
was well below the beta transus and appears to support the
contention that the precipitate is irradiation induced and
not a result of supersaturation of the alpha phase.
Instead the precipitate appears to be caused by the alpha
solute segregation at vacancy sinks. These sinks appear
to aet as traps for the vanadium atoms which have a high
diffusion mobility as titanium because of its smaller atom
size. The presence of a larger concentration of vanadium
at the defect site results In alteration of the equilibrium
concentration resulting in the precipitation of the beta
phase. The near alpha alloys Ti-6242S and Ti-56215 use
molybdenum as a beta stabilizer, however, because of its
larger atom size and low concentration, it effectively
suppresses the irradiation beta formation under these
irradiation conditions.
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Effect of Hydrogen on Flaw Growth of Titanium Alloy
Ti-6242s (McDonnell Douglas Astronautics Company —
Stl LOUiS) L] L] L] L] L] L] | ] L] L] L] L] | ] L] L] L ] L] L] L] L] | ] L] L] L] L]

The planning of this study is complete. Modified
wedge opening loading (modified WoL)} specimens are being
machined from 0.32 em (0.125 inch) thick Ti-6242s. One
half of the specimen blanks are being charged with hydrogen
to a desired bulk level of 500 wppm with the hydrogen uni-
formly distributed throughout the samples.

Hydrogen in Titanium Alloys (McDonnell Douglas Astronautics
Company — St. LOUIS) &« = = = = s = s s = = s s ® % » &» & &

A4 review Of current knowledge concerning the effects
of hydrogen on the mechanical properties of titanium has
provided minimal data directly applicable to fusion reactor
usage. Although no definite conclusions have been drawn
as yet, 1t presently appears that because of the large
number of interdependent variables associated with hydrogen
interactions it mxy be impractical to predict with any
degree of certainty the embrittlement effects, 1fany, for
the alloys of interest for fusion energy. There are some
indications that titanium alloys my not be adversely
degraded in the elevated temperature, low hydrogen pressure
conditions in the reactor.

Examination of Titanium Alloy Specimens Irradiated in
EBR-IT (Hanford Engineering Development Laboratory) . « « &

The AD-1 experiment consists of three uninstrumented
pins containing microstructural and mechanical property
specimens mde from titanium alloys. These three pins were
designed for irradiation temperatures of 394°C, 450°C and
500°c and have been irradiated in EBR-11 until fluences
greater than 4 x 1022n/em? (£>0.11 MeV) have been attained.
EFvidence of corrosion was observed on several specimens
contained in the subcapsule designed for a= irradiation
temperature of 500°C. The subsequent opening of the other
two subcapsules has been delayed until more information has
been obtained concerning this corrosion.

D ALLOY DEVELOPMENT — INNOVATIVE MATERIAL CONCEPTS & &« «

Development of Iron-Base Alloys with Long-Range-Ordered
Crystal Structure (Oak Ridge National Laboratory) « « « & &

A series of iron-base tong-range-ordered (LR0O) alloys
with compositions (Fe,Ni,C0)3V are being developed for
fusion energy applications. The alloys form a cubic
ordered structure similar to AuCuz below their critical
ordering temperature (T,). The alloys in the ordered
state are ductile, with total elongation in excess of 30%
at room temperature. Tensile tests of the LRO alloys at
elevated temperatures indicate an unusually attractive
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mechanical behavior. Their strength, instead of decreasing
as with conventional alloys, increases with temperatures
because of ordering. The ordered alloys also exhibit
excellent creep strength. Their creep rate at 650°C is
lower than that of type 316 stainless steel by more than
three orders of magnitude.

E ALLOY DEVELOPMENT — FERRITIC STEELS + v v & & & & & &« & &

Welding and Fabrication of Candidate Ferritic Steel
(General Atomic Company) « « =« =« = = = = s = s s s # = & &

The Zogie and overall approach in the program was
developed to meet the objectives of making firm recom-
mendations regarding the ferritic steel fabrication/welding
procedures and fracture management scheme for ETF
components. Candidate sources were evaluated and a
procurement plan for a 30,000 b program heat of 12 ¢r
steel was developed. A chemical composition specification
was formulated. A preliminary study to establish welding
procedures for specimens to be exposed in the near term
EBR 11 and HFIR irradiation was initiated and test panel
welding was completed. The microstructural features of
conventional gas-tungsten arc (574) and advanced laser
weldments of #72 were evaluated and compared. Preliminary
evidence indicates that laser welding may be a promising
method for producing 72 ¢» wetdments.

Preparation of Nickel-Doped Ferritic Alloys for HFIR
Irradiation to Produce Helium (Oak Ridge National
Laboratory) L] L] L] L] L] L} L] L] L] L] L] L] L] L] L} L] L] L] L] L} L] L] L] L]

Small heats of #r9 and 9 ¢r-1 M steels have been
prepared containing 7 and 2% ¥i. An additional heat of
each alloy was prepared with 2% ¥ but with adjustments in
the carbide-forming elements to restore the chromium
equivalent to a value near that of the original alloy.
Tensile and transmission electron microscope (TEM)
specimens of these mterials will be irradiated in the
High Flux Isotope Reactor (#7Frr). The thermal flux in the
HFIR will result in the formation of helium in concentra-
tions approximating those produced in fusion reactor
service.

Test Plan for the Investigation of Irradiation Effects
Upon Mechanical Properties of Ferritic Alloys (Hanford
Engineering Development Laboratory) « « =« = = = 2 2 2 2 = =

The AD-2 experiment wil7 consist of SiX, wninstru-
mented B-7e¢ pins containing microstructure and mechanical
property specimens made from ferritic alloys. Alloy
selection, irradiation temperatures and the test matrix
have been specified and approved by the Alloy Development
for Near Term Applications Working Group. Approval in
principle has been granted by DOE for the AD-2 experiment
and irradiation wilZl begin at EBR-11 in June, 1980.
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7.4 Environment Effects on Properties of Ferritic Steels
(Argonne National Laboratory) « « « =« =« =« =« =« « =« =« « « « « 115

This program was initiated in the first quarter of
FY 1980 with initial phases of the program focused on
(1) combined effects of stress and coolant environment On
the properties of ferritic steels and (2; the compatibility
of ferritic steels with candidate solid tritium-breeding
materials and neutron multipliers. The first experiments
include determination of the effects of a Ziguid lithium
environment on the fatigue properties of the Sandvik RT-9
alloy and tests on the compatibility of candidate ferritic
steels with Li50 and Li,570z3.

8. STATUS OF IRRADIATION EXPERIMENTS AND MATERIALS INVENTORY . . . 119
81 Irradiation Experiment Status and Schedule . . . . . . . . 120

Bar charts show the irradiation experiments schedule,
including experiments completed, in progress, and planned.
Experiments are presently under way in the ORR and the
HFIR, which are mixed-spectrum reactors, and in the EBR-11,
which is a fast reactor.

82 ETM Research Materials Inventory (Oak Ridge National
Laboratory and McDonnell DouglasS) « « « =« s = = s = s s & = 127

The Office of Fusion Energy has assigned program
responsibility to ORNL for the establishment and operation
of a central inventory of research materials to be used in
the Fusion Reactor Materials research and development
programs. The objective is to provide a common supply of
materials for the Fusion Reactor Materials Program. This
wilt minimize unintended materials variables and provide
for economy in procurement and for centralized record-
keeping. Initially this inventory is to focus on materials
related to first-wall and structural applications and
related research, but various special purpose materials may
be added in the future.

9. CORROSION TESTING AND HYDROGEN PERMEATION STUDIES .« &« & & & & & 139

9.1 Hydrogen Dissolution and Permeation Studies of ADIP Program
Alloys (Argonne National Laboratory) « « « s« s« « « « » » &« 140

Efforts to characterize the hydrogen dissolution and
permeation characteristics of alloys currently under
development in the ADIP Program have continued. An effort
to measure the hydrogen permeability of pure a-titanium was
generally wnsuccessful owing to a tendency of the material
to creep in the gasket-seal-type assembly normally used for
difficult-to-weld alloys. Work & the solubility of
hydrogen in Ti-641-4V was completed. Rased on these
results, the amount of hydrogen dissolved in a Ti-841-4V
fusion reactor first wall assembly could range from several
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hundred grams to a few kilograms, depending on the )
effective average Ty pressure in the plasma boundary region

and the first wall temperature distribution. Results of a
survey dof the hydrogen permeation characteristics of
ferritic alloys showed that they are -5-times more perme-
able than 300-series stainless steels in the surface-
unperturbed state, but that significant reductions in
permeability ean be achieved for oxidized aluminum-and
ehromium-containing ferritics.

Vanadium Alloy/Lithium Pumped-Loop Studies (Argonne
National Laboratory) .« « « &« & = = & = s s s s s = s « » « 148

The stainless steel-clad vanadium alloy loop with
circulating lithium has continued to operate through the
first quarter of Fy 1980. Test samples of zirconium,
vanadium, V-150»-57<, titanium, and yttrium have been
exposed at 873 K to investigate the distribution of
nonmetallic elements in Zithium/refractory metal systems.
The zirconium and yttrium exposures have been used to
adjust and evaluate the nonmetallic (0, N, H, and )
concentration in lithium. Results of hydrogen analyses
of the test samples rave been compared with calculated
distribution coefficients for hydrogen. Similar analyses
of oxygen and nitrogen distribution are in progress.

Corrosion of Fe-Ni-Cr and Fe-Ni-V Alloys in Static Lithium
(Oak Ridge National Laboratory) « « « o« o« =« =« =« =« =« =« =« « « 152

Data are reported on the compatibility of 500 and
g00°c lithium with alloy 800 [46 Fe—-32 Ni--21 Cr (wt %)]J
and a long-range-ordered (Zr0) alloy [45 Fe—32 Ni—23 V
(wt %J)J. Although these alloys contained similar concen-
trations of Fe and ¥Z, alloy 800 was severely corroded in
certain instances, while the LRO alloy resisted attack and
incurred no loss of tensile properties in Li.

Corrosion of Type 316 Stainless Steel and Alloys Bl and B3
in Lithium Thermal-Convection Loops (Oak Ridge National
Laboratory) | ] L] L] | ] L] L] ] | ] L] L] | ] L] L] | ] L] L] | ] | ] L] L] | ] L] L] | ] 158

Results from three thermal-convection-loop experiments
are reported. The corrosion rmates of ADIP alloys BI and R3
[64 Fe—25 Ni—10 CrnI M {wt %} and 56 Fe—30 Ni-I12 Cr—3 M
(wt %)J, respectivelyl were ruch greater than that of
type 316 stainless steel. Similar corrosion mtes in
flowing lithium were measured for type 316 stainless steel
in both austenite and a-ferrite systems. Adding aluminum
to a type 316 stainless steel loop that had already been
circulating lithium for over 5000 h resulted in fiow
restrictions that were probably the result of aluminum
deposits in the coldest part of the circuit. Consequently,
corrosion inhibition by aluminum addition to the lithiumis
most effective in a new system.
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Compatibility of Type 316 Stainless Steel with the Tritium—
Processing Salt LiF-LiCl1-LiBr (Oak Ridge National
Laboratory) « « =« =« = s« s = s s s &

A type 316 stainless steel thermal-convection loop
circulated LiP-LiCI-LiBr for over 8000 h. The steady-state
corrosion rate was low enough to assure adequate compati-
bility between the salt and stainless steel.
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