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Material 
(FCC structure) Ni Cu Ag Al Pb 

ρ [g/cc] 8.9 8.3 10.5 2.7 11.3 

Tm [K] 1726 1356 1234 933 601 

QB [kJ/mol] 115 104 90 84 66 

Qv [kJ/mol] 284 197 185 142 109 

Material 
(BCC structure) W V Cr Nb Mo 

ρ [g/cc] 19.2 6.1 7.1 8 10.2 

Tm [K] 3683 2173 2163 2741 2883 

QB [kJ/mol] 385 209 192 263 263 

Qv [kJ/mol] 585 308 306 401 405 

Material 
(HCC structure) Zn Cd Mg a-Ti b-Ti 

ρ [g/cc] 7.12 8.64 1.7 4.54 4.54 

Tm [K] 693 594 924 1933 1933 

QB [kJ/mol] 60.5 54.4 92 97 153 

Qv [kJ/mol] 91.7 76.2 135 150 153 

Supplementary Table. S1 Comparison of density (ρ), melting temperature (Tm), and activation 
energy for grain growth by grain boundary self diffusion (QB) and lattice diffusion (QV) in 
various metallic materials with crystal structure of FCC, BCC, and HCP 
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Supplementary Fig. S1 TEM images of BNNS (white arrow) reinforced Al composites.  
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Supplementary Fig. S2 (a) TEM and (b) STEM-HAADF images of Al/BNNS composite 

after heat-treatment at 580 ℃treatment at 580 ℃ for 72 h. Supplementary Fig. 2 (c) shows EDS spectra, which 

is taken from the position marked with a white circle in (b). 



  

Supplementary Fig. S3 TEM images of monolithic Al after heat-treatment for 1, 3, 12, and 72 h. 
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Supplementary Fig. S4 TEM images of monolithic Al after heat-treatment for 1, 3, 12, and 72 h. 



 

  

Supplementary Fig. S5 Grain size measured from XRD results and grain size evolution 

calculated by Eq. 2 with the calculated values in inserted table for monolithic Al and 

Al/BNNS composite after heat-treatment for varied times.  
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Supplementary Fig. S6 Vickers hardness for Al/BNNS composite measured on parallel and 

normal direction. The hardness measured parallel to the pressing direction is similar to that 

measured normal to the pressing direction. It means that the BNNS is dispersed in the Al matrix 

with random orientation. 
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Supplementary Fig. S7 Schematic illustration of two types of direction for boundary 

movement involving plate-type particles with volume ws (width) × ts (thickness) × ls (length). 

Types 1 and 2 represent grain boundary movement to the parallel and normal directions with 

respect to BNNS alignment, respectively 



 

Supplementary Fig. S8 Schematic illustration of the grain growth behavior of randomly and unidirectionally 

oriented plate-like particle-containing composites. For the plate-like particles with random orientation with 

higher volume fractions, it is more likely that the grain boundary moves toward the normal direction of 

the particles. 


