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CHAPTER 1: IRRADIATION TEST FACILITIES

1. RINS-11 Irradiations and Operations (LLNL)

Nine different experiments were irradiated this quarter, ranging from a dual-
temperature furnace irradiation (completed) to a cryogenic irradiation (in
progress), both of which are studies of radiation effects in metals and alloys.
A new materials testing laboratory is now in use.

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS

1. Eission Reactor Dosimetry - HFIR - CTR40-45 (ANL)

Dosimetry measurements and damage calculations are repor%gd for the CTR40-45
irradiations in HFFJ]§, Meufron fluences are about 5 x 102 n/cm® for 40, 41, 44, and
45 and about 9 x 10°® n/cm® for 42 and 43.

2. Helium Generation Measurements for Iron from HFIR (RI)

Helium generation measurements on iron irradiated in HFIR agree with ANL predictions
based on ENDFIB-V cross sections to within 7%.

3. Displacement and Helium Generation Rates in the Materials Open Test Assembly of
the Fast Flux Test Facility (HEDL)

The axial distribution of dpalsec and hpa/sec for the FFTF MOTA were calculated for
the following elements: Al, Si, Ti, V, Cr, Mn, Fe, Ni, Cu, Nb, and Mo.

CHAPTER 3: REDUCED ACTIVATION MATERIALS

1. Reduced Activation Guidelines in Perspective (HEDL)

Current estimates of composition limits to qualify materials for shallow landburial.
should be used only as guidelines identifying potential problem elements.

2. Swelling of Fe-Cr-Mn Ternary Alloys in FFTF (HEDL)

The neutron-induced swelling of Fe-Cr-Mn ternary alloys at 15 dpa and approximately
5209C is much less sensitive to composition than are Fe-Cr-Ni alloys.

3. Compositional Oependence of lon-Induced Swelling in Fe-Cr-Mn Alloys (ORNL and HEDL)
A series of simple Fe-Cr-Mn alloys has been prepared and will be irradiated with iron
ions in order to determine the influence of alloy composition on void swelling.

CHAPTER 4: FUNDAMENTAL MECHANICAL BEHAVIOR

1. shear Punch and Ball Microhardness Measurements of 14-MeV Neutron Irradiation

Hardening in Five Metals (UCSB}

Five metals, including Ni, Ni-5 Si, Fe, PCA, and ME 316 stainless steel, were
irradiate at rogm temperature in RTNS II to neutron fluences in the range 6 x 1016
to 6 x 1017 nicm Ball microhardness and shear punch measurements of mechanical
properties are shown to be complementary and in good agreement.
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2. Radiation-Induced Segregation of Phosphorous in Fusion Reactor Materials {PNL) 45
Very low dose ion bombardment of iron-phosphorus and nickel-phosphorus alloys confirms
that radiation-induced phosphorus segregation is much lower in these materials than
in 316 stainless steel.
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1. Reirradiation of HFIR Specimens in FFTF (HEDL and ORNL) 49
Specimens of AIS| 316 and PCA, previously irradiated in HFIR to doses of 10-44 dpa
and up to 3600 appm helium, have been placed in FFTF for an additional 30-60 dpa.
Between irradiations, immersion density measurements were made.
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Addition of titanium to variants of AISI 316 stainless steel does not significantly
alter the eventual swelling behavior during neutron irradiation. In general,
titanium additions only temporarily suppress the onset of swelling.
3. Compositional Micro-Oscillations in lon-Bombarded Fe-35.0Nji-7,0Cr (HEOL and GE) 56
The compositional micro-oscillations observed in neutron-irradiated Fe-35.5N1-7.5Cr
at 593°C and 38 dpa have also been found in Fe-35.0Ni-7.0€r irradiated with nickel
ions to 117 dpa at 625°C.
4. Influence of Cold Work on the Neutron-Induced Swelling of Simple Fe-Ni-Cr Ternary
Alloys {HEDL} 62
The swelling of simple Fe-Ni-Cr ternary alloys in EBR-II appears to be sensitive to
both irradiation temperature and cold work, suggesting that cold work influences the
tendency of Fe-Ni-Cr alloys to order.
5. Swelling of Neutron-Irradiated 85Ni-15Cr at 400-650°C {HEDL) 66
The swelling of the binary alloy 858i-15Cr under neutron irradiation is quite
different from that of either Fe-Ni-Cr alloys Or pure nickel, suggesting that the
tendency for long-range order in nichrome alloys is significant.
6. Vacancy Cluster Evolution in Metals Under Irradiation {¥.WI.) 74
A stochastic treatment of vacancy cluster formation in irradiated metals is
formulated in terms of a Fokker-Planck equation, the nonlinearity of which provides
an important feedback for the evolution of the bias. A peaked distribution of stable
voids is distinguished from a distribution of small unstable voids. The predicted
values of void number density are in close agreement with measured values.
7. The Effect of Helium Clustering on Its Transport t0o Grain Boundaries (UCLA and KFK) 90
A rate theory model is used to develop a solution to the problem of the rate of
helium absorption at grain boundaries in an irradiated material. Both homogeneous
and heterogeneous nucleation of helium traps are included in the analysis of helium
transport. Matrix clustering is an effective impediment to the transport of helium
to grain boundvm{gs ongy for a short irradiation time. Precipitate densities below
approximately 10'2 cm™> may be ineffective helium traps. The effect of displacement
damage on gas re-solution is discussed, and shown to have a particular significance
in the determination of the average cavity density.
8. The Influence of Silicon on Void Nucleation in Irradiated Alloys {U. of MO-Rolla

and_HEDL) 114

The addition of silicon to pure nickel, Ni-Cralloys, and Fe-Ni-Cr alloys raises the
diffusivity of each of the alloy components. The resultant increase in the
effective vacancy diffusion coefficient causes large reductions in the nucleation
rate of voids during irradiation.
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9. Dual Ton Irradiation: Impact of the Conflicting Roles of Helium on Void Nucleation

(U. of MD-Rolla and HEDL)

Dual-ion irradiation may not simulate well the helium effects on microstructure to

be expected in a fusion device. This is because of the synergistic effects of the
injected interstitials, and the unpaired interstitials that result from helium-vacancy
trapping.

CHAPTER 6: FUNDAMENTAL STUDIES OF SPECIAL PURPOSE MATERIALS

1. Swelling of Commercial Copper Alloys and NiBe Irradiated in FFTF (HEOL)

The swelling of various copper alloys irradiated to approximately 16 dpa in the MOTA
1B experiment ranged from -0.66% to 16.6%, the latter for a Cu-0.1% Ag alloy.

2. Tensile Property Changes of Commercial Copper Alloys Neutron Irradiated at 450°9C (HEDL)
Changes in tensile properties of many of the copper alloys irradiated in FFTF-MOTA at
450°C to approximately 16 dpa are dominated by thermal effects.

3. Conductivity Changes in Neutron-lrradiated Commercial Copper Alloys at Approximately
450YC (HEDL)

FFTF-MOTA irradiation of copper alloys at 450°C to approximately 16 dpa resulted in
an increase in electrical conductivity of Be-containing alloys and a decrease in the
others; the change appears to correlate with the unirradiated conductivity.

4. Swelling of Beryllium (U. of WI-Madison and TRW)

A comparison of the displacement rate and the helium production rate produced in
bervllium by 14-MeV neutrons shows that the helium Droduction rate is the predominant
mechanism for swelling. A simple model is developed which reproduces the data for
swelling produced in fission reactors.

CHAPTER 7: FUNDAMENTAL STUDIES SUPPORTED BY OTHER AGENCIES

1. Basic Radiation Effects Research at Oak Ridge National Laboratory (ORNL)

A. Experimental Determination of the Critical Cavity Radius in Fe-10% Cr for lon
irradiation (ORNL)

A critical cavity radius of 25 mm and a bias of 02 was deduced from an irradiation
at 850 K with 4 MeV Fe++ ions. Estimates of other fundamental parameters are given.

B. Evidence for a Mechanism of Swelling Variation with Composition in Irradiated
Fe-Cr-NiI Alloys (ORNL)

The mechanism for the swelling resistance of Fe-35Ni-15Cr relative to that of Fe-
15Ni-15Cr was investigated using both dual ion and helium-injection-plus-single-ion
(Ni) irradiation. A much larger critical cavity radius was deduced for the high
nickel alloy. 1t is suggested that this correlates with increased resistance in the
high nickel alloy to interstitial absorption at interstitial-typedislocation loops.
3. An Approximate Analytical Calculation of Precipitate Dissolution Rate Using a

Slowing Down-Diffusion Theory for Charged Particles (UCLA)

Dissolution parameters which control the stability of precipitates show that the
concept of a modified "escape zone" for precipitate atoms from its surface is a valid
representation of the phenomenon. It is shown that, for large precipitates, the
dissolution rate is approximately proportional to the incident ion energy and
inversely proportional to the precipitate radius.
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