DOE/ER-O046/18

| omee'of fusion Energy
Washlngton DC 20845




CONTENTS

Foreword
CHAPTER t: IRRADIATION TEST FACILITIES

1. Rins-II lrradiations and Operations (LLNL)

Irradiations were performed on 10 different experiments during this quarter. 1l.an
source development continues. A redesigned ground electrode assembly was irst:illed.

CHAPTER 2: DOSIMETRY AND DAMAGE PARAMETERS

1. Dosimetry Measurements and Damage Calculations for the 0rRR-MFE43 Experiment (ANL)

After 424 th§~powe§ days, the maximum fluence in this spectral tailoring experiment
was 1.9 x 10¢= n/cm¢ producing 64 appm helium and 5.1 dpa in 316 stainless steel.

2. Measurement of Cu Spallation Cross Sections at IPNS (AML)

Spallation cross sections for 21 radioisotopes of Cu have been measured at the IPNS
over an energy range of 26-450 MeV.

3.  Helium Generation Measurements for Ti and Cu from ORR (RI}

The results of helium generation measurements on Ti and Cu irradiated in the Oak
Ridge Research Reactor are significantly different from predictions based on ENOF/B-V
cross-section evaluations.

CHAPTER 3: REDUCED ACTIVATION MATERIALS
1. Activation of Several Oxides (HEDL)

The activation of Hg0, 820, Y,05, 41,05, and Cad was estimated for a 10 M-y /m?

irradiation at a STARFIRE first-wall” position. At the concentrations used for
dispersion hardening, none of the oxides would, in themselves, cause an alloy to
exceed shallow burial limits.

2. The Effects of Substitutional Alloying Elements in an fe-10¢r Ferritic Alloy (HEDL)

In order to determine the effect of minor reduced activation element additions on
microstructural development due to fast neutron irradiation, a series of 12 alloys
has been prepared for irradiation in MOTA-1C. The alloy series involves additions
(M) of Si, #n, V, W, Ta, and 2 to form alloys of Fe-10Cr-0.14 and Fe-10Cr-14,

CHAPTER 4. FUNDAMENTAL MECHANICAL BEHAVIOR

i. Relating Bubble Size to the Failure Mode of Neutron- and Helium-lrradiated Austenitic
Stainless Steel {U. V&)

Helium-irradiated type 316 microtensile specimens containing tiny bubbles were
tensile tested at 250°c and 450°C under rapid and slow strain rates. Mixed mode
failure occurred under all conditions suggesting strain rate insensitive micro-
structures are possible.
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Fundamental Flow and Fracture Studies of HT-9 (uU¢sa)

Microstructure-property-property relationships dictating lower shelf toughness of
HT-9, and procedures for estimating fracture loads, have been studied. Results
support a critical stress-critical distance model for cleavage fracture. A two-
arameter approach is shown to be a reasonable basis for predicting fracture loads in
end specimens, and ductility studies indicate deflectional displacements of 1-2 cmim
will be the limit for thin walls containing shallow surface cracks.

Some Considerations of Radiation Effects on Stress Corrosion Cracking of Fusion

Reactor Waterials {PHNL]

Radiolysis is not expected to increase the corrosion rate of fusion reactor materials
by more than a factor of 3; however, hydrogen uptake could increase significantly in
ferritic, refractory and reactive alloys. Irradiation-enhanced creep can signi-
ficantly increase ‘intergranular stress corrosion cracking, [IGSCC, at stresses
below the yield strength. Radiation-induced phosphorus segregation could dominate
all other 1GSCC effects. ~Calculated K. and Ky, results for HT-9 were reviewed; the
former is low compared with experiment.

Strength and Microstructure in Vanadium lrradiated with T{d,n) Neutrons at 300k,

475K, and 675K (PNL)

Radiation strengthening was independent of irradiation temperature from 300K to 475K
but decreased following irradiation at 675k. Extremely small defect clusterslloops
were responsible for §trengthen|n% the 300K samples while a<100> type dislocation
loops were the predominant strengthening defect at 475k, Irradiation at 675K
produced heterogeneous distributions of dislocation loops and planar precipitates
whéch prevented definite correlations between strength and microstructures from being
made.

CHAPTER s: CORRELATION METHODOLOGY

1.

Correlation of Irradiated 20% CW 316 Stainless Steel Fracture Toughness with Test
Temperature (HEDD)

A three parameter function was developed to_correlate fracture tou%hness (Jy.) N 20%
ow 316 35 with test temperature. The equation is applicable for the exposuP% range
40 to 60 dpa, irradiation temperature range 643 to 680%, and test temperature

range 293 to 923°%,

A Comparison of Depth-Dependent Microstructures of lon-lrradiated 316-Type Stainless

Steels {(U. of Wisconsinl

The microstructural response of P7,.a high-swelling, “pure” 316-type stainless steel,
Mg ciER B5Rhialiae Shalndess,;teel egen nvestigatedaftar 1ol M7 00oduced
depth-dependent void distribution influenced by the excess interstitial effect of the
bombarding ions. A 650°C irradiation of P7 produced a bi-modal void distribution at

the damage peak. A 650°C irradiation of 316 S5 produced needle-like precipitation in
the entire damage region.
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Microsegregation Observed in Fe-=35.5Ni-7.5Cr Irradiated in EBR-II (HEOL)

Annealed Fe-Ni-Cr alloys near the Invar compositional range do not appear to be in the

true equilibrium state. Radiation by neutrons or charged particles accelerates the
evolution toward stability, causing a spinodal-like decomposition which yields
compositional micro-oscillations, densification, and a loss of both the swelling
resistance and the anomalous Invar properties.

Experimental Investigation of the Effect of Injected Interstitials on Void Formation
(U. of Wisconsin)

Pure nickel, a "pure" 316 stainless steel (P7) and two high strength copper alloys
have been irradiated with either 14-MeV nickel or copper ions to a peak damage level
of 50 dpa (K = 0.8). The injected interstitial effect in Ni and P7 shows good
qualitative agreement with nucleation theory. A copper alloy irradiated at 300°
showed a small heterogeneous void density, while no voids formed above 400°%C; this
result is in excellent agreement with nucleation theory.

The Effect of Void Surface Motion on the Void Sink Strength for Point Defects
(UK-AERE, UCLA)

By a generalization of an analysis due to Frank of the growing precipitate, an
analytic sink strength is derived for the growing void that takes account of the
void surface motion in a self-consistent fashion.

Preparation of lon-Irradiated Foils for Cross-Section Analysis (U. of Wisconsin-

Madison)

A simple, routine method of general applicability has been developed for examining
ion-irradiated foils in cross section. The method has been successfully
demonstrated on stainless steel, a low-chromium steel, and some high-strength copper
alloys.

CHAPTER 6. FUNDAMENTAL STUDIES OF SPECIAL PURPOSE MATERIALS

1.

Microstructures and Physical Properties of Cu-Zr and Cu-Cr-Zr-Mg Alloys (U. of

Wisconsin)

The 209C electrical conductivity of as-received AMZIRC and AMAX-MZC alloys steadily
increases with annealing temperatures between 300 and 550°C. The maximum
conductivity is about 90% IACS for MZC and about 100%IACS for AMZIRC. AMZIRC
contains incoherent Cu-Zr precipitates which are preferentially located at grain
boundaries. AMAX-MZCcontains the same Cu-Zr precipitates and also coherent Cr
precipitates which are uniformly distributed throughout the matrix.

Microstructure of High-Strength, High-Conductivity Copper Alloys Irradiated at Low
Temperatures {U. of Wisconsin)

Both AMZIRC and AMAX-MZC alloys exhibit radiation-enhanced recovery and partial
recrystallization at all temperatures following ion irradiation to a peak damage
level of 15 dpa (K = 0.3) at temperatures of 100 - 2509C. There is no observable
void formation at temperatures of 100 - 550°C,
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