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tempering conditions were used for 9Cr-2WVTa and 9Cr-2WVTa-2Ni:  1 hr at 700bC and 1 h 
at 750bC.  The 9Cr-1MoVNb and 12Cr-1MoVW were tempered 1 h at 760bC.  These heat 
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formed.  Based on changes in tensile and Charpy impact properties, the results 
demonstrated the superiority in strength and ductility of the 9Cr-2WVTa reduced-acti6ation 
steel o6er the commercial steels.  Comparison of the mechanical properties after irradiation 
of 9Cr-2WVTa-2Ni and 9Cr-2WVTa steels indicated a fa6orable effect of nickel that could 
lead to de6elopment of a heat treatment for impro6ed irradiation resistance. 
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applications in spallation proton, ad6anced fission, and fusion neutron en6ironments. The 
thermal stability of NFAs is critical for such applications, hence, this has been 
in6estigated in a series of aging e?periments on MA957 at 900C, 950C, and 1000C for 
times up to 8000 h. Optical and transmission electron microscopy (TEM) studies for 3000 
h aged MA957 showed the fine scale grain and dislocation structures are stable up to 
1000°C. TEM and small angle neutron scattering (SANS) showed that the nm-scale 
solute cluster-o?ide features (NFs), that are a primary source of the high strength of 
NFAs, were stable at 900°C and coarsened only slightly at 950C and 1000C after 3000 
h aging. Porosity that de6eloped during high temperature aging was minimal at 900°C 
and modest at 950C, but was much larger after 1000°C. Microhardness for the 3000 h 
aged MA957 was basically unchanged after the 900°C aging and decreased only slightly 
(! 3e) after aging at 950C and 1000C. Howe6er, the hardness was significantly 
reduced after 8000 h aging at 1000C. 
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obser6ed in multi6ariable, time-dependent irradiations conducted on commercially-produced 
steels o6er a wide range of irradiation temperatures, neutron spectra and dpa rates. The role 
of silicon on microstructural de6elopment is e?pressed both in the solid solution and 6ia its 
influence on formation of radiation-induced phases that in turn alter the matri? composition. 
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A FeCrAl substrate was pre-o?idiYed at 1000°C to thermally grow an e?ternal Al2O3 scale 
and then isothermally e?posed to Pb-17Li for 1000h at 800°C to determine if this layer 
would protect the under lying alloy from dissolution.  After e?posure, a small mass gain 
was measured, indicating that the layer did inhibit dissolution.  Howe6er, characteriYation 
of the e?ternal layer determined that it had transformed to LiAlO2 with an increased 
thickness and a much larger grain siYe than the original layer. This obser6ation has 
implications for the use of Al2O3 as a tritium diffusion barrier. 
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Our obAecti6e is to de6elop a fundamental understanding of the identity and character of 
nm-scale features (NFs) in nanostructured ferritic alloys (NFAs), especially at the smallest 
siYes. The NFsj features are belie6ed to be responsible for the 6ery high creep strength 
and radiation damage resistance of NFAs. Atom probe tomography studies ha6e indicated 
that the NFs ha6e Ti k Y to O ratios greater than 1 and Ti to Y ratios much greater than 1.  
These elemental ratios are inconsistent with the known comple? o?ide phases in the Ti-Y-
O system, which include comple? cubic pyrochlore Y2Ti2O7 and orthorhombic (at lower 
temperatures) Y2TiO5. Both of these phases ha6e been obser6ed in transmission electron 
microscopy studies of NFAs, but generally in a siYe range that is larger than the smallest, 
and 6ery likely, non-e^uilibrium NFs.  There are also a number of other open ^uestions 
including the basic thermokinetics of NF precipitation and coarseningl and the basic 
characteristics of NFs, such as elastic properties and interface structures, that mediate 
their interactions with dislocations. Since it is difficult, if not impossible, to fully address 
many of these ^uestions with direct e?perimental measurements, we ha6e de6eloped a 
multiscale modeling approach that will complement a range of characteriYation techni^ues 
that are needed to obtain reliable answers.   
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clusters created by displacement cascades in !-Fe containing concentrations of 
substitutional He atoms 6arying from 1-5e. These He concentrations are not necessarily 
intended to represent specific conditions within a fusion reactor (a6erage end-of-life He 
concentrations in the first wall are e?pected to be on the order of 0.15e), but they pro6ide 
an opportunity to in6estigate the effects of substantial amounts of He on cascade 
processes and microstructure de6elopment under damage producing conditions. 
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Atomistic simulations of alloys at the empirical le6el face the challenge of correctly modeling 
basic thermodynamic properties. In the periods reported pre6iously we de6elop a 
methodology to generaliYe many-body classic potentials to incorporate comple? formation 
energy cur6es. Application to Fe-Cr allows us to predict the implications of the ab initio 
results of formation energy on the phase diagram of this alloy and to get a detailed insight 
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into the processes leading to precipitation of "j phase under irradiation. In particular in this 
period we report on the conse^uences of the negati6e heat of formation at low Cr 
composition on the short range order SRO e?isting in the " phase. We elaborate a simple 
description of SRO on a two-phase alloy and compare the predictions with e?periments. We 
pro6ide a key to rationaliYe a di6ersity of e?periments on SRO 6ersus annealing time or 
irradiation dose. 
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Results are presented from molecular dynamics (MD) simulations of displacement cascades 
created in !-iron (Fe) by primary knock-on atoms (PKAs) with energy from 5 to 20 keV and 
mass chosen to represent C, Fe and Bi.  Molecular Bi2 has also been simulated using two Bi 
PKAs, and PKA-Fe interaction potential has also been 6aried.  Four effects are reported.  
First, the PKA mass has a maAor effect on cascade damage while the interaction potential 
has little if any.  Second, the total number of point defects produced in a cascade decreases 
with increasing PKA mass.  This fact is not accounted for in models used con6entionally for 
estimating damage.  Third, interstitial loops of mV111n type and both 6acancy and interstitial 
loops of V100n type are formed, the latter being obser6ed in MD simulation for the first time.  
The probability of V100n loop appearance increases with increasing PKA mass as well as 
energy.  Finally, there is a correlation between production of large 6acancy and interstitial 
clusters in the same cascade. 
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 The destruction processes of stacking fault tetrahedra (SFTs) induced by gliding dislocations 

were e?amined by transmission electron microscopy (TEM) in situ straining e?periments for 
SFTs with edge lengths ranging from 10 to 50 nm. At least four distinct SFT destruction 
processes were identified: (1) consistent with Kimura model for both screw and 60-degree 
dislocations, (2) stress-induced SFT collapse into a triangular Frank loop, (3) partial 
annihilation lea6ing an ape? portion, and (4) complete annihilation. Process (4) was obser6ed 
at room temperature only for small SFTs (p10 nm)l howe6er, this process was also 
fre^uently obser6ed for larger SFTs (p30 nm) at higher temperature (p853 K). When this 
process was induced, the dislocation always cross-slipped, indicating only screw dislocations 
can induce this process. 
 

 

9.6 A COMPRESSION ANVIL BEAM TEST METHOD TO MEASURE THE ARREST    106
FRACTURE TOUGHNESS OF SEMI-BRITTLE MATERIALS WITH SMALL SPECIMENS—
M. Y. He, G. R. Odette, and M. Hribernik (Uni6ersity Of California) 
 
Our goal was to design a specimen and test procedure that allowed the measurement of 
clea6age arrest (KIa) fracture toughness in 6ery small oriented iron single crystals (V 10 
mm). This was accomplished by incorporating iron single crystal slices into composite 
specimens. The test method described here is based on compression loaded, double-
an6il beam fracture specimen, illustrated in Fig. 1. Conceptually, slow, uniform 
compression (") loading of a beam with a shallow fatigue starter crack (thick black line) in 
an double an6il fi?ture (shown in black) results in Poisson stresses normal to the crack 
faces, and elastic energy is released as the crack (thin black line) propagates. Composite 
specimens were fabricated by a se^uence of diffusion bonding single crystal slices (light 
grey) to low alloy steel arms (darker grey), followed by a se^uence of electro-discharge 
machining (EDM), fatiguing and final EDM to the pre-cracked bar configuration shown in 
Fig. 1. The mode I stress intensity factor (SIF), KI, is a strong function of the crack depth 1
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(a/W). The SIF first increases to a ma?imum at a small a/W, and subse^uently decreases 
6ery rapidly approaching 0 as a/W goes to 0.9 or less. The test is carried out by gradually 
increasing " to the point where the crack initiates at "c and propagates until it arrests at a 
lower SIF KI r KIa, terminating a substantial pop-in Aump.  
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METHOD TO MEASURE THE INITIATION AND ARREST FRACTURE TOUGHNESS OF 
SEMIBRITTLE MATERIALS WITH SMALL SPECIMENS—G. R. Odette, M. Y. He, and M. 
L.  Hribernik (Uni6ersity of California, Santa Barbara) 
 
Our goal was to design a specimen and test procedure that allowed the initiation and arrest 
of a crack in 6ery small clea6age oriented iron single crystals (V 10 mm). This was 
accomplished by incorporating iron single crystal slices into composite specimens. The test 
method described here is based on a che6ron-notched, wedge-loaded, double-cantile6er 
beam specimen. Conceptually, slow insertion of the wedge, to load the beam arms, gradually 
increases the crack mouth opening displacement (#), and the corresponding stress intensity 
factor (SIF), KI, up to KIc, thus initiating a propagating clea6age crack. Howe6er, due to the 
combination the wedge loading a double-cantile6ered beam and che6ron geometry, the KI 
decreases 6ery rapidly with increasing depth (a/W), and the crack arrests at a SIF KI r KIa, 
after a short pop-in Aump. Thus the crack can be grown in a series of short, and relati6ely 
stable, Aumps. The initiation and arrest-re-initiation depths can be seen on the fracture 
surface.  
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