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Table S1 The main raw materials and main parameters of 
Si3N4/L-rGO/h-BN ceramic composite  

Materials grain size 
purity 

% 
Density 
g/cm3 

α-Si3N4 500 nm 99.9 3.18 

L-rGO/h-BN ～100 nm 99.9 / 

Al2O3 400 nm 99.9 3.5 

Y2O3 50 nm 99.9 5 

 
 

Table S2 List of heating rate and holding time in sintering process 

Number 
Initial 

temperature
（℃） 

End temperature
（℃） 

Heating rate 
（℃∙min-1） 

Heating time/holding 
time（min） 

1 570 600 30 1 

2 600 1300 100 7 

3 1300 1450 50 3 

4 1450 1600 30 5 

5 1600 1600 0 5 

6 1600 1650 25 2 

7 1650 1650 0 10 

 
 
 

 
Figure S1 Experimental equipment and parameters of ball-on-disc reciprocating friction: (a) 
experimental equipment and (b) Experimental parameters 
 



Figure S2 SEM image of α-Si3N4 raw material: (a) low power and (b) High magnification 

 

 

 

Figure S3 FIB thinning process of Si3N4/L-rGO/h-BN ceramic composite at 0.75wt % added 

concentration: (a) Si3N4/L-rGO/h-BN cross-section STEM images and (b) flaky sample after FIB 

thinning 

 

 
Figure S4 Standard deviation of COF: (a) Different addition concentrations and (b) Different 

additives at 0.75 wt%  



 
Figure S5 Raman spectra of wear surface on Si3N4 ball: (a) Wear morphology of Si3N4 ball after 

friction experiment with 0.75 wt% L-rGO/h-BN and (b) Raman spectra of Points 1, 2 in Figure S5 
(a) and L-rGO/h-BN. 


