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 HD HD HD TK TK 

Relative density (%) > 99 96.4 91.9 96.2 91.9 

Grain size (nm)      
 Mean diameter  564 ± 270 474 ± 220 444 ± 160 82 ± 50 74 ± 60 
 Range 105 - 1940 150 - 1570 70 – 1270 10 - 400 15 - 260 

At the grain scale      

 Nano-hardness (GPa) 45 ± 2 35 ± 2 

 Intrinsic Young Modulus (GPa) 465 ± 23 380 ± 26 

At the macroscopic scale      

 Knoop hardness (GPa) 22.8 ± 2 18.6 ± 1 15.0 ± 1 16.9 ± 1 13.9 ± 1 

 Apparent Young modulus (GPa) 448 ± 3 395 ± 12 370 ± 10 369 ± 10 317 ± 10 

 Apparent shear modulus (GPa) 189 ± 2 167 ± 5 155 ± 4 152 ± 5 132 ± 4 
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