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Size Effects on Deformation and Fracture of Scandium Deuteride Films
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Motivation Calculating modulus from the elastic unloading of micropillars.
Neutron targets are typically a metal-hydride film. 200
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Scandium deuteride (ScD,) films are of interest since they: (Singh et al. 2011; Lee et al. 2007)
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However, these films have been observed to crack and g j S *ote°
delaminate. This has prompted a series of studies on the fracture 2 ';’ pillar as a right circular cylinder ¢ .
properties of these films that utilized both channel cracking within ’ ;’ - (Greer et al. 2007; Uchic et al. 2004) O e S |
films and pillars. . | | P o peedii
0 100 200 300 400 500 PLSpillar 0 , . . . .
i i i iNifi i Displacement, nm = 0O 200 400 600 800 1000 1200
This work seeks to explore if there is a significant size effect. nd, (do il sme) S
Materials and Methods
Sc films were sputter deposited onto molybdenum and fused Siress- strain response of pillars with Smaller pillars exhibited higher stress.
silica substrates. 300 nm- 1600 nm diameters. 10000
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Films underwent thermal deuterium charging and film stresses : SebzMMo :
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Thermal misfit strains during cool down lead to cracking and 8000 1000 L © P~ IR After COMpros gyl
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Micropillars were milled from islands using a FIB (300, 800, z s | Co = :
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Cracking during compression testing of micropillars also provided a measure for fracture toughness.
Through thickness cracking:
(Broek, 1991; Ostlund et al. 2009)
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Normal Transverse Treating the crack as corner crack under an 2000 1 1
applied tensile stress gradient: (Tada et al. 2000) 1000 |- -
X'ray diffraction SCans, p0|e figureS and electron backscatter KI — EO' a F(e) ; %0 20 400 600 800 1000 1200
diffraction maps showed that the film surface had a face Tom _ /7 . e
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centered cubic structure with a (111) normal orientation typical of where = T —° . .
deuterides. Cross section EBSD showed a mix of (110), (100) A el
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and to a lesser degree (111) oriented grains in the transverse ; Cracking occurred in the 300 and 1600 nm pillars for the ScD,/Mo pillars,
orientations. (1 0° <O < 800) while the ScD,/FS system has cracking in the 1600 nm pillars only.
Treating the crack as corner crack under a Vothod for ealoulating Fract ScD,/FS ScD,/Mo
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Mechanical Properties from Nanoindentation PP ( ) Toughness 1600 nm | 1600 nm | 300 nm
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Scandium deuteride films have a higher modulus and hardness a Q 7 Corner Crack Uniform stress field| 2 1
than the scandium films /%aé/fﬁ orner Crac niform stress fie
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Scandium deuteride films on fused quartz had a modulus near F,(6) =F(0)- F(_ = e) a Crack Treating as abeam| 1.4 0.4-0.7
150 GPa and hardness of 4 GPa. Films on Mo substrates had 2 Channel Cracking 1.0-1.9
lower hardness values. F(6)=1.211-0.186+/sin0
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