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Abstract: First principles was studied for assessing the relative stabilities of transmutant helium trapping in Y,Ti,O7,
Y,TiOs and the ferrite matrix in nano-structured ferritic alloys (NFAs). The results suggest that, helium in NFAs prefers
to occupy individual octa-interstitial sites of Y,Ti,O; and the open channels along the b axis of Y,TiOs. The helium
self-interaction in Y,Ti,O; is essentially repulsive, suggesting that the dispersion of helium in NFAs might, to a large
extent, depend on the number and dispersion of Y,Ti,O; in the iron matrix. The calculated interface phase diagram
predicts the ferritic/Y,Ti,O; interfaces in NFAs as Y/Ti-rich, in agreement with the experimentally observed
non-stoichiometric nature of Y,Ti,O; precipitates in NFAs. Segregation tendency of helium to the ferritic/Y,Ti,0;
interface can be sensitive to the size of Y,Ti,05.
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Table 1 Calculated formation energies of various defects in

iron

Interface structure EdeV
Vacancy 2.14
He'eira 4.63
He'o 4.83
Hey 4.42
(2He)y 7.19
(3He)y 9.97
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DA bRl B S5 R R T R RE, WU “ TRSEAZAE” I
PRI B R Hey, SEBRPTHS RE R RIEMEAC, A
2.28 eV, BUNIEER He BB (He' oo A1 He'oow) T T TE 1
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MR R 45 7, W(2He)y (3He)y %%, tHH
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(b)

B 1 Y,Ti, O A DU T AT )\ T A SFCREA T LK 5 1) LA AR 1k
Fig. 1 Tetrahedral(a) and octahedral(b) interstitial sites and their geometric relation(c) in Y,Ti,O;.
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B2 Y,TiOs i A LA B ALSFHBAL LK b i 1) 1 23 A SRR (C A7)

Fig. 2 Different interstitial sites in orthorhombic Y,TiOs: (a) Type A; (b) Type B; (c) Type-C (open channel along b axis)
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] Cocta ‘-_ ezlx (2HC)C
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Fig. 3 Comparison of formation energies of helium defects in

Y,Ti,05 and Y,TiOs with those in iron
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El4 Fe(100)( 232 x 242 )/Y,TinO7(100)( /2 / 2x~[2 /2 ) FHTHT T 19 ol Js 7 i 37 77 58 PO s ¥ P
Fig. 4 Top views of Fe(100)( W2 %242 )Y, Ti,07(100)( V2/2x+2/2 ) interfaces with two coordination types: (a) Y/Ti-top;
(b) Y/Ti-bridge (For clarity, only interfacial atoms of Fe, Y, Ti and O are shown); (c) Front view
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Table 2 Calculated formation energies of various

helium-trapping interface structures

Interface structure E/eV
He's 1.32
He'g 1.20
He'r 0.95
He®y 1.43
He's 1.29
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