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T» mid-September a meeting »as held by the austenitic
stainless steel working group of ADTP. The purpose of this
meeting was t0 review the prepared data sheets on 20% CW
type 376 stainless steel. The consensus of th-is group was
that some minor modifications needed to be made prior to
their release. The first of these data sheets whizh covers
the effect of irradiation on the elevated temperature
Fatigue strength of 20% cold worked 316 stainless steel has
been received by the MHFEsS and subsequently submitted to
the 4nalyeis and Evaluation task group for review and
approval.
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Neutronic Calculations for the Conceptual Design of an
In-Reactor Solid Breeder Experiment, TRIG-0U1 (Oak Kidge
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The cross sections that include the delayed fission
gaummas have been processed. Additional neutronic caleula-
tions using these cross sections have been carried out to
determine the tritium production and heating rates within
two fusion breeder mterials, Liy0 and Z.7A10,. During the
generatlon of the new cross-section set we detected an
error in the thermal 3%y neutron cross section.
Correcting this error resulted in an increase in the
tritium production and heating rates within the test
assembly of about 30 and 10%, respectively, for the Li,0
breeder mterial.

Since the temperature gradient across the test cell
should be as small as possible, we have changed the
original geometry. The original outer dimensions of the
test cell have been reduced from 17.8 to 12.7 mm and the
stainless steel can from 19.1 to 14.0 mm. The aluminum
core piece inner radius was reduced to 74.7 mm to fill the
void. Additional neutronic calculations using the above
geometrg changes have been carried out to determine the
changes in the tritium production and heating mtes. The
rates for the new geometric model are similar to those
obtained for the original model. Preliminary burnup
calculations of the 27,0 breeder material indicate that
one-half the 17 wi11 be consumed in ahout 70 d reactor
operation.
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Neutronic Calculations in Support of the ORR-!FE-4A
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Three-dimensional neutronie calculations are
being carried ont to follow the irradiation environment
of the 0rRR-MFE-44 eqeriment. These calculations
currently cover six ORR reactor cyeles corresponding
to 46,742 ¥ hrs. This will result i»n a thermal filuence
of 2.08 X 1025 peutrons/m® and a total fluence of
4.31 x 1039 neutrona/m*. This Fluence will produce
1.09 dpa and 3.31 at. ppm He in type 314 stainless steel
(not including 2.0 at. ppm #e from 178). These data and
previous saleulations have been used to estimate the dates
at which the core pieces should be changed and first
samples removed.

Through preliminary ecalsulations we have determined
the appropriate sizes of the tungsten core pieces as well
as the heating mtes within them and within the eaperi-
mental capsules. The reduction in gamma heating resulting
from the use »of tungsten core pieces may require additional
heating of the samples to maintain proper temperature.
Caleulations similar t0 those carried ont for the tungsten
core pieces art? in progress for hafnium core pieces.

Operation of the ORR Spectral Tailoring Experiment
GRR-1FE-4A (Oak Kidge National Laboratory) sssssssssssssans

This egeriment consists of #wo test regions designed
to irradiate type 316 stainless steel and Path A Po4 at
constant temperaturses of 300 and 400°C. The ORR-MFE-44
eaperiment was installed in the Ok #idge Research Reactor
(ORR) om June 10, 1980, and as of September 30 has operated
successfully for an equivalent 99 d at 30 YW reactor power
with mzximum specimen temperatures in each region of 330
and 400°C respectively.

HFIR-1FE-T1, -T2, and -RBl: Experiments to Evaluate the
Effects of Low-Temperature Irradiation on Ferritic Steels

(Oak Ridge National Laboratory) S EEEEEEEEEEEEEEEEEEEEEEEEETS

Three egeriments for the irradiation of ferritic
steels in the #FfR have been outlined. 411 three eaperi-
ments are to operate at about 50°C. They Wilt provide the
first substantial data on the effects of helium and
displacement production on several properties, including
fatigue, tensile, Charpy impact, crack growth, and fracture
toughness. The steels to be tested include 12 ¢r-1 Mo
(HT9), nickel-doped 12 Cr-1 Mo, 9 Cr-1 Mo, nickel-doped
9 Or-1 Mo, 2 1/4 ¢r-1 Mo, and welds OF some of these.

Test results will complement elevated-temperature
Eaperimental Breeder Reactor (EBR-II) irradiation eaperi-
ments on the same alloys. Test nntrices and fluence
levels have been defined, and the eqeriments are eapected
to be ready for insertion In late 7980 or early 1981.
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Experiments HFLK-CTK-30, -31, and -32 for Irradiation of
Transmission Electron llicroscopy Disk Specimens (Oak Ridge
National Lahoratory) A EEEEEEEEEEEEEENEEEEEEEEEEEEEEEEENEEEERNGETSR

Three irradiation capsules containing earlugively
transmission electron microscopy (Tm} disk specimens have
been constructed for High Flux Isotope Reactor (HFIR)
irradiation. Faperiments HFIR-CTR-30 and -32 are »ow being
irradiated, and HFIR-CTR-31 is scheduled for insertion on
October 1, 1980. All capsules are being irradiated in
peripheral target positions in the HFIR. The 12 groups of
approximately 100 specimens each are arrayed along the
capsule axis of each eaperiment. Each group is designed
to be isothermal at an elevated temperature determined by
a helium gas gap. Irradiation temperatiires of 300, 400,
500, and 870°C have been selected.

Measurements of the Fatigue Pre-Cracked Length of Fracture
Toughness Specimens Using an Electropotential Technique
(Hanford Engineering Development Lahoratory) ssssssssssssss

AT-9 fracture toughness specimens were fatigue pre-
cracked using an electropotential technique to monitor
the precrack length. A calibration curve was developed
from optieal crack measurements. Test results produced by
this technique are shown to be as accurate as these
obtained by optical methods. The technique will be used in
the hot-cell to replace the tedious optical method.

Status of MFE-5 In-Reactor Fatigue Crack Growth Experiment
(Hanford Engineering Development Laboratory) ssssssssssssns

Fabrication of the in-reactor fatigue machine t0 be
used in MFE-5 is completed. The assembly has been
delivered to ORNL as firnal preparations are underway for a
November insertion. Modification of the prototypic fatigue
machine, to be used in the thermal control test at HEDL, <=
in progress.

Specimen Hatrix for the HFIK Irradiation of the Path B
Alloys (Hanford Engineering Development Laboratory) sssssuss

Specimens of the path B alloys, in the form of 7a
dieks, have been inctuded in the HFIR egeriments desig-
nated HFIR-CTR-30, 31, and 32. These irradiations will
provide the first data a the irradiation response of the
path B base research alloys.

A ALLOY DEVELOPMENT — AUSTENITIC STAINLESS STEELS sasussnns

High-Temperature Fatigue Crack Propagation Testing of
Type 316 Stainless Steel in Vacuum (Naval Research
Laboratory) S EEEEEE NN EEEEEEEEEEEEEEEEEEEEEEENENEEEENEENEEEEENENGETSR

Lost in transit.
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3.2 Miniature Tensile Testing of 316 Stainless Steel (Hanford
Engineering Development Laboratory) seessssssssssssssssssss

Extensive tensile testing has been performed on twe
conditions of 37655 to demonstrate the viability of this
technology. #esults from this baseline testing agree with
published wvalues in the literature. Miniature tensile
specimens fabricated from 32455 have been irradiated at
RTNS-IT and exhibit evidence dfF irradiation hardening at
the peak fluence of 1.1 % 1018 n/crrr?.

3.3 The Effect of Annealing Temperature on the Grain Size of

the Path A& Prime Candidate Alloy (Oak Ridge National
Laboratory) B EEEEENEENEEEEEENENEEEEEEEENEEEEE NN EEEEEEEEEEEEERNGESR

Preserving homogeneity in the P24 alloy during
fabrication demands solution treatment in the mnge 1150
to 17759C. These temperaturas result in grain sizes
ranging from As™ 1 to 4. O2ften, however, a finer grain
size ig required. Therefore, this study sought to decouple
the final in-process anneal from the thermal-mechanical
treatments to develop M precipitate microstructures.

Rapid to relatively slow heating mtes and cold-work Ievels
of 30 to 50% were used to recrystallize the mterial
without precipitating appreciable ¥2 or Iosing the
homogeneity. The grain size was then simply a function of
the annealing temperature. A grain size control anneal of
1100°C was selected to produce an intermediate grain size
of 43™ 4 to 7. This allows the program to separate grain
size and preirradiation microstructure effects on
properties.

PATH B ALLOY DEVELOPIIENT — HIGHER STRENGTH Fe-Ni-Cr ALLOYS .suuus
No contributions.

PATH C ALLOY DEVELOP!ENT — REACTIVE AND REFRACTORY ALLOYS ......

5.1 Tensile Properties and Microstructure of Helium-Injected
and Keactor-Irradiated V207 Ti (Oak Kidge National
Lahoratory) S EEEEEEEEEEEEEEE NN EENEEE R NN ENEN RN NN NN NN NEENEEEERNRGR

Sheet tensile samples of V=-20%Ti preinjected with 90
and 200 at. ppm He have been irradiated to about 20 dpa in
the Eaperimental Breeder Reactor (ERR-TI) in the range 400
to 700°C. Mechanical properties and microstructure of the
irradiated specimen have been compared with those df
control specimens. Helium embrittlement of V—-20% T i
becomes appreciable above test temperatures of 575°C.
Neutron irradiation enhanced the embrittlement of the
helium-injected ¥20% Ti. Helium injection also assisted
cavity formation in the reactor-irradiated V-20%Ti. The
size and concentration of cavities depended om the amount
of injected helium.
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Fatigue Behavior Of Unirradiated V13% Cr—5% Ti (Oak Kid-e
National Lahoratory) A EEEEEEEEEEEEEEE NN NN NN NN N R NN NN NN EEERNETS

Pully reversed eyeliec fatigue tests conducted ow
V—-15% Cr»—5% Ti (ADIP heat caM-835 B-3} in the wnirradiated
condition at 25, 550, and s5¢0°C indicated an apparent
endurance limit at total straiz manges Of about 0.7 and
0.6% at 550 and 650°C, respectively.

The Effect of ilydrogen on Flaw Growth of Titanium Alloy
Ti—-6242s (iichonnell Douglas Astronautics Company) sssssssss

Initial fatigue crack growth rute tests have been
conducted at room and elevated temperatures with environ-
ment hydrogen pressures from ¢ to 100 Pa (0.75 torr) ON
Ti-6242s samples containing 50 and 500 wppm internal
hydrogen. These tests indicate that at room temperaturs
there 1S an inerease INn the crack growth rute with the
500 wppm hydrogen content; no effect of environment
hydrogen pressure was noted. Tests conducted at elevated
temperatures indicate « decrease in crack growth rmate with
higher temperatures.

D ALLOY DEVELOPIENT — INNOVATIVE UATHERIAL CONCEPTS seunsnns

The Effect of 4-Mev Nickel Iou Irradiation on the
Microstructure of (Fe,Ni)3V Long-Kange-Ordered Alloys
(Oak Rid:ﬁ,”t’, Hational Laboratory) NN RN NN NN NN NN EEEEEEENEEEEE

The (Fe,¥<)zV/ LRO alloys investigated are relatively
resistant to swelling when irradiated with 4-4eV (0.84-pJ)
nickel ions to 70 dpa in the range 525 to 680°C and
simultaneously injected with 8 at. ppm H and 28 at. ppm p
per dpa. Small titanium additions appear to improve the
resistance to swelling, but it IS not certain whether this
effect depends strictly on titanium or is related to the
removal of sigma phase from the mierostructure. All the
LRO alloys retained their order for irradiation tem-
peratures below the critical ordering temperature of about
870°C. However, long range order in itself did not appear
to be the dominant factor determining swelling resistance.

E ALLOY DEVELOPUENT — FEKKITIC STEELS ssassssssssssannnnnus

Characterization of Fusion-Ferritic Steel Program 12 Cr
Hleat and HMetallurgical Studies on 12 Cr-1 Mo Steel
(General AtomiC Company) EEEEEEEEEEEEEEEENEEEENEEEEENEEEEEEENENGNRTSR

No contribution this quarter.

Fracture Toughness Testing of Alloy HT-9 (Naval Research
Laboratory) B EEEEEEENEEEEEENEEEEEENENEENEEENEENEEEEEEEEEEEEENEEENNGREGSR
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Analysis of Laser Welds in HTY (Sandia National
Laboratories) S EEEEEEEEEEEEEEEEE NN N EEEEENEENENENENEEENEENENEEEENRNEDR 126

Laser welds were made in 6.35mm (0.25 in) HTS plate
using a variety of tmvel speed/foeal length combinations
at a constant laser power level of 6k#. Velds performed at
sharp focus with weld travel speeds manging from 1.27 to
4.23 mm/sec eahibited scattered porosity and occasional
centerline cmcking. Defocusing the laser beam relative to
the plate resulted in welds containing severe porosity and
centerline cracks. Mierostruetural and microhardness
evaluation of the welds indicated that the region of
highest %ardness occurred In the heat-affected zone
immediately adjacent to the fusion line. A mechanism for
centerline cracking in this alloy has been proposed.

Environmental Effects on Properties of Ferritic Steels
(Argonne National Laboratory) sessssssssssssssssssssssnnass 140

Several continuous-cycle fatigue tests have been
eonducted with 2.5-m-diameter specimens of HT-9 alloy at
755 K in flowing lithium. The results indicate a strong
effect of corrosion on the fatigue life of HT-9 alloy in a
liquid lithium environment. At a total strain mnge of
0.5%, the fatigue life in lithium is a factor of -5 Lower
than that in a liquid sodium environment. The specimens
tested in lithium show intergranular cracks along the
entire gauge length. Fatigue tests at different strain
rates and strain sequence are being conducted to establish
the important parameters, Vil., stress/strain rnge,

f requency, lithium purity, etc. Eaposure OF corrosion
specimens of HT-9 alloy, Type 318 stainless steel, and
Inconel 625 with solid Li90, L1410, and LigSi0z breeding
materials at 873 K has been completed. Metallographic
evaluation of the specimens IS in progress. Preliminary
results indicate that lithium oxide Is the most reactive of
the three breeding materials.

Calculations of Hydrogen lIsotope Loading in HT9 First Wall
Structures (Sandia National Laboratories) sssssssssssssnnss 151

Calculations of the hydrogen level in first wall and
blanket structures have been made using #79 as the material
of construction. Both directly injected deuterium and
tritium profiles cmd hydrogen profiles from (n,p) reactions
have been calculated over a temperature mnge from 473 to
638K. Two boundary conditions have been assumed: zero
surface concentration and a concentration set by the
surface recombination reaction of hydrogen ions to form
hydrogen moleeules. The results indicate that under the
most severe conditions, peak hydrogen levels will not
emeed 05 appm and WIIt likely be far lower.



8. STATUS OF IRRADIATION EXPERIMENTS AND MATERIALS INVENTORY suuuns

8.1

8.2

Irradiation Experiment Status and Schedule sssssssssssnsnns

The following bar charts show the schedule for all
4DIP reactor irradiation experiments. Faperiments are
presently under way in the Oak Ridge Research Reactor (0ORR)
and the High Flux Isotope Reactor (HFIR}, which are mixed
spectrum reactors, and in the Ewxperimental Breeder Reactor
(EBR-II), which is a fast reactor.

ETM Kesearch MMaterials Inventory (Oak Ridge National
Laboratory and McDonnell Douglas Astronautics Company) assss

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
material for the Fusion Reactor ¥aterials Program. This
will minimize unintended materiale variables and provide
for economy in procurement and for centralized record-
keeping. Initially this inventory will focus on mxterials
related to first-wall and structural applications and
related research, but various special purpose mzteriale may
be added in the future.

9. MATERIALS COMPATIBILITY AND HYDROGEN PERMEATION STUDIES asuusssss

9.1

9.2

Hydrogen Dissolution and Permeation Studies of ADIP Program
Alloys (Argonne National Laboratory) ssssssssssssssssssssss

Studies of the hydrogen permeation characteristics o
iron bkase (Path E) alloys have continued. An investigation
of a ¢r 14-A1 0.2 steel (405-55) was completed and the
measurements were compared to previous data for three other
Fe-Cr alloys having 0, 2, and 5 wt.% Al, respectively. The
combined results indicate that the optimum aluminum content
leading to minimum hydrogen permeability in a reducing
environment Zs around 2 wt.%. However, the chromium
content o alloys studied to date has only spanned the
range from 14 to 18 wt.%, and the location of an optimum at
2 wt.% aluminum may not necessarily apply to other types of
Path E alloys.

Vanadium Alloy/Lithium Pumped-Loop Studies (Argonne
National Laboratory) EEEEEEEENEEEENEEEEENEEEENNEEEENEEEENEEEEEESR

The stainless-steel-clad/V-15 Cr lithium loop has now
operated for over 12,000 h and eapcsures of selected
refractory alloys have continued. The DOE/Office of
Fusion Energy guidance on this project for Fy-1281 has been
to defer effort to solid breeder mterial development
activities. The work presently in progress is being
completed and a final reporting of results will be made in
a subsequent ADIP progress report.
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Compatibility of Static Lithium with Fe-li~V and Fe-~Cr-ilo
AIIOyS (Oak !{idge National Lﬂbf)rat()ry) EEE s, EEE R R EE RN E RN NS

Specimens of 2 114 Cr-I 'lo steel, 779, and the long-
range—ordered (LRO) alloy Fe37.8 Ni-22.5 V0.4 T1 (wt %)
were tested in statie lithium. arvbon analysis of the
lithium after 3000-h tests of 2 1/4 ~r-1 Mo steel showed
significant decarburization of the steel at 500 and #20°C,
The decarburization lowerad the room temperature tensile
strength of the alloy. Specimens of 2 7/4 Cr-1 Mo steel
emosed to Li—H wt % Al showed eignificant weight gring
with an accorpanying deecrease in ductility. Also, the gzge
section of fractured tensile specimens econtrined a signifi-
cant volume of cracks. Short-term (500-h) exposures OF HTS
to statie 500°C lithium resulted in negligible weight
changes and no change in its tensile properties relative to
snecimens eaposed t0 argon wnder otherwise similar condi-
tions. Surface deposite on the zorrosion-resistant LRO
alloy after eaposure to lithium a2t 850 and 7710°C for 2000 *
ware pure wanadium OF possibly a vanadium carbonitride,

flass Transfer of Type 316 Stainless Steel in Lithiam
Thermal—Convection Loops {Oak Ridge National Laboratory) ..

The time dependence of metal dissolution IN five
type 316 stainless steel loon eaperiments In Lithium is
disceussed. In general, the five sets OF measurements werz
satisfactorily reproducible. The predicted dissolution
rate of type 316 stainlass steel at #00°” IN lithium under
conditions typical of semistagnant tritium-breading
hlanbets IS lees than 7% um/yecar (0.5 mil/year).

Compat ibility of Solid Ceramic Breeder !aterials with ADILP
Prugrain Alloys (Argonne Wational Lahoratory) sesssssssscesss

An initinl SCOPINg experiment was carried out tO
investigate the interfacial compatibility of selected solid
ceramic tritium breeder miterials with tupical ADIP Program
alloy.?.  Each of the solid brazeder materials Ligh, LiAl0g,
and 774510z was emposed to 316~55, HT-9, Inconel 625, and
Ti6242 at 873 K for ~1500 h in a high puvrity helium
environment using a reaction couple method. Fmmination of
the alloy/ceramie interfaces by SR, Auger, and X-ray
diffraction analysis revealed that reaction scales
comprised of elements from both the alloy and ceramic had
formed in all cases. These scales were thickest for the
Lig0/alloy reaction couples. Ternary phases of the type
Li,0, have been identified at most of the interfaces for
mhéc% analyses have been completed. 4nalytical procedures
and improved strategies for future ceramic hr:eder corro-
sion tests have been developed.
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