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CONTENTS

Foreword

CHAPTER 1 IRRADIATION TEST FACILITIES

1. RTNS-IT IRRADIATIONS AND OPERATIONS (LLNL)

Irradiations were Derformed on 13 different experiments during this
quarter. Tarqget vacuum system modifications were ‘completed on the right
and left machines. The target chilled water system upgrade was
comp le te.

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS

1. FISSION REACTOR DOSIMETRY - HFIR-CTR 30, 36, 46 (ANL)

Dosimetry measurements and damage calculations are reported for the CIR
30, 36, and 46 experiments in HFEF&. CIR 30 has the highest exposure to
date with a fluence of 1.95 x 10<<nlc producing 44 dpa and 2613 appm
helium in a 316 stainless steel.

2. ANALYSIS OF DAMAGE EXPOSURE RATES IN THE MATERIALS OPEN TEST ASSEMBLY OF
THE FAST FLUX TEST FACILITY (HEDL)

The axial distribution of dpa/sec in stainless steel (Fel8Crl@Ni) and
flux E > 0 MeV and E > 0.1 MeV were determined from the analysis of
dosimetry measurements made during MOTA Cycles 1A and 18.

3. ACTIVATION CROSS-SECTION MEASUREMENTS AT RTNS-I1 (ANL, LLNL, RI)

Cross sections are reported for 22 reactions measured at RTNS-II in the
angular range from 0-60° for neutron energies between 14.5-14.9 MeV.
Results are compared to ENOFIB-V and other data.

4. ISOTOPIC TAILORING WITH NICKEL-59 TO ENHANCE HELIUM PRODUCTION IN
FISSION REACTOR IRRADIATIONS (HEOL)

Three heats of austenitic steel doped with Ni-59 have been prepared for
irradiation in out-of-core locations in the Fast Flux Test Facility
(FFTF) .

5. ON THE USE OF ISOTOPIC AND SPECTRAL TAILORING TO SIMULATE FUSION

IRRADIATION VARIABLES IN FISSION REACTORS {U. of California, Santa
Barbara)
It is shown that by using various isotopic ratios of 58N1‘/60N1’, single
variable experiments on the effect of helium to displacement-per-atom
ratios (Heldpa) can be carried out in ;errritic and austenitic alloys.
Further, additions of small amounts of 5 Ni result in the elimination of
the low fluence transient, resulting in an approximately constant Heldpa
ratio in the range up to 100 dpa.

6. HELIUM PRODUCTION CROSS SECTIONS FOR 14.8-MeV NEUTRONS (RI)

Total helium production CroSS sections were measured for eleven separate
isotopes of lead and tin irradiated in the -14.8-MeV T{d,n) neutron
environment of RTNS-II.
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7. HELIUM PRODUCTION IN REACTOR-IRRADIATED COPPER (RI)
The high measured helium concentrations (up to 81 appm) in copper
irradiated in HFIR provide further evidence for the recently identified
thermal three-stage reaction process.

CHAPTER 3: REDUCED ACTIVATION MATERIALS

1. NEUTRON-INDUCED SWELLING OF Fe-Cr-Mn TERNARY ALLOYS (HEDL)
The swelling of Fe-Cr-Mn alloys is insensitive to irradiation
temperature (420-600°C} ; the slight dependence on manganese content is
thought to be the consequence of a composition-dependent densification.
possibly associated with radiation-induced spinodal decomposition in the
Fe-Cr-Mn Invar reqgime.

2. FUNDAMENTAL IRRADIATION STUDIES ON VANADIUM ALLOYS (ANL, HEDL)
A joint DAFS/BES experiment on simple vanadium alloys is expected to be
irradiated (in lithium) in FFTF-MOTA Cycles 7 and 8.

CHAPTER 4: FUNDAMENTAL MECHANICAL BEHAVIOR

1. YIELD STRESS DETERMINATION FROM MINIATURIZED DISK BEND TEST DATA (MIT)
Yield stress has been successfully extracted from disk bend tests of a
number of known materials using finite element simulation; simulation of
the entire loadldeflection curve up to fracture of the specimen has not
yet been achieved.

CHAPTER &: RADIATION EFFECTS RCHANISMS AND CORRELATIONS

1 THE INFLUENCE OF THERMAL ANNEALING ON THE MICROSTRUCTURAL EVOLUTION IN
HT-9 FERRITIC STEEL (U. Wisconsin-Madisonl
HT-9 specimens annealed at temperatures between 300 and 900°C for 2 hrs
or 24 hrs are microstructurally characterized.

2. THE IDENTIFICATION OF CHI PHASE IN HEAVY ION IRRADIATED HT-9 FERRITIC
STEEL (U. of Wisconsin-Madison)
HT-9 specimens irradiated at 500°C to 100 dpa with 14 MeV Ni ions
exhibit the radiation-induced Chi phase.

3. APPLICATION OF HIGH FLUENCE FAST REACTOR DATA TO FUSION-RELEVANT
MATERIALS PROBLEMS (HEDL)
In three recent comparative studies in HFIR and EBR-II it was found that
helium and solid transmutants produced no significant perturbation of
the macroscopic property change under consideration.

4. EFFECTS OF TENSILE AND COMPRESSIVE STRESSES ON IRRADIATION-INDUCED

SWELLING IN AISI 316 (GE, HEDL)

Two recent experiments indicate that compressive stresses do not delay
swelling as previously modeled but actually accelerate swelling at a
rate comparable to that induced by tensile stresses.
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EARLY DEVELOPMENT OF SPINODAL DECOMPOSITION |N NEUTRON-IRRADIATED Fe-
35N1-7.5Cr AT 550°C (HEDL)

I'n Fe-35Ni-7.5Cr irradiated at 550°C to 2.5 x 10%%n/cm? (E > 0.1 MeV),
the spinodal decomposition observed at higher irradiation temperatures
and higher neutron exposures is just beginning to form.

OWR/RTNS-IT LON EXPOSURE SPECTRAL EFFECTS EXPERIMENT (HEDL)

The first leg of the RTNS~IILBDDrt1' n of this experiment was completed at
a peak fluence of 2.4 x 10 °nfcm®. An excellent fit to the dosimetry
data has been obtained.

RADIATION-INDUCED PRECIPITATION IN Ti-64 (U. of Wisconsin-Madison)

The alloy Ti-64 was irradiated with 9-MeV Al ion to 2 dpa at 500-700°C.
The density of the radiation-induced B precipitate decreased at high
temperature while the size increased. The total fraction of bcc phase
present is drastically altered by irradiation.

HEAVY 10N IRRADIATION OF Ti-6242s (U. of Wisconsin-Madison)

After 2 dpa of 9-MeV Al ion irradiation, Ti-6242s displayed extensive
precipitation of a bcc phase at all temperatures in the range 450-700°C,
The morphology below 600°C was highly unusual; it consisted of the
apparent agglomeration of small (20 nm) precipitates into some form of
array Or cluster.

THE EFFECT COF OENSITY CHANGES ON THE ENERGY AND ION DEPOSITION PROFILES
(U. of Wisconsin-Madison)

Using transport theory to calculate the distribution of deposited energy
or deposited ions, it is shown that the effect of density changes on
these distribution profiles can be obtained in a medium with constant
density by a simple coordinate transformation, provided the distribution
functions depend only 0N one spatial coordinate.

STABILITY OF VACANCY CLUSTERS IN COPPER AND OTHER METALS (U. of
Wisconsin-Madison)

The energies of voids, stacking fault tetrahedra and vacancy loops in
aluminum, copper, nickel and stainless steel have been determined as a
function of size using established equations from elasticity theory.
Stacking fault tetrahedra and vacancy loops are the most stable small
cluster morphologies in the absence of gas. Small amounts of oxygen 0Or
helium cause the void to be the most stable.

A NOTE ON REACTIVE GAS CHARGING DURING PRE-IRRADIATION SPECIMEN
PREPARATION [U. of Wisconsin-Madison)

The common misconception of hydrogen introduction during the pre-
irradiation specimen electropolish has been addressed. It is shown that
hydrogen cannot enter the specimen, but that the ingress of oxygen may
occur during the electropolishing step. Hydrogen can, however, enter
the specimen in the absence of the applied voltage iFfthe sample,
without a passive film layer, remains in the electrolyte.

CHAPTER 6: FUNDAMENTAL STUDIES OF SPECIAL PURPOSE MATERIALS

1.

RADIATION- ENHANCED RECRYSTALLIZATION |IN COPPER ALLOYS (U. of Wisconsin-
Mad ison )

AMZIRC and AMAX- MZC exhibit signs of radiation-enhanced
recrystallization following ion irradiation to 10 dpa at temperatures
above 300°C. A simplified analysis suggests that the accelerated
recrystallization kinetics is due to radiation-enhanced diffusion.
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