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Table 1  Element of the explosive mixture precursors (mol%) 

Sample C H O N Metal 

Oxygen 

balance 

Density/g·cm

-3

 

1#(Fe

3+

) 3.56 8.96 4.18 1.12 0.1 -1.019 1.66 

2#(Co

2+

) 2.09 5.92 4.08 1.25 0.1 -0.542 1.64 

3#(Ni

2+

) 2.01 6.03 4.12 1.36 0.1 -0.517 1.65 
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È 1  defgIhikÉ_ XRDÈÊ 

Fig.1  XRD patterns of graphite coated metal nanoparticles: (a) Fe@G, (b) Co@G, and (c) Ni@G 
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È 2  defgIhikÉ_ TEM�Í* EDX�Ê 

Fig.2  TEM images and EDX spectra of graphite coated metal nanoparticles: (a~c) Fe@G, (d~f) Co@G, and (g~i) Ni@G 

 

 

 

 

 

 

 

 

 

 

È 3  ·Î�Ï¬ Fe@G5Co@G5Ni@Ghijk_���_����� 

Fig.3  Tribological performance of oil containing different concentrations of Fe@G (a), Co@G (b), and Ni@G (c) nanoparticles 
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Table 2  Main element contents of the composite nanoparticles 

by XRF (ω/%) 

Detonation 

products 

C Fe Co Ni O 

1#(bcc-Fe) 55.43 35.08 - - 1.9 

2#(fcc-Co) 33.43 - 50.32 - 1.5 

3#(fcc-Ni) 29.76 - - 55.67 2.0 
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Fig.4  Wear scar morphology of steel ball at best concentration: (a) base oil, (b) 0.6%Fe@G, (c) 0.4%Co@G, and (d) 0.6%Ni@G 
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Fig.5  Change of friction coefficients with time at best  

concentration 
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Explosive Synthesis and Tribological Performance of Graphite Coated Metal (Fe, Co, 

Ni) Nanoparticles 
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Abstract: Graphite coated metal (Fe@G, Co@G, Ni@G) nanoparticles were prepared by a detonation method using ethanol, urea, RDX 

and metal source of nitrate as the composite explosive. The composition, morphology and microstructure of detonation products were 

analyzed by X-ray diffraction (XRD), transmission electron microscopy (TEM)-energy dispersive spectroscopy (EDX) and X-ray 

fluorescence (XRF). To clarify the tribological properties, the lubricating mixed oils (SN150 base oil) with different contents (0%, 0.2wt%, 

0.4wt%, 0.6wt% and 0.8wt%) of graphite coated metal nanoparticles were prepared, and then the four-ball tests were carried out separately. 

The results indicate that the product of detonation is core-shell structure with a range of 10~50 nm in diameter. The core is single metal 

and the shell is mainly composed of graphite with 3~8 nm in thickness. From the four-ball tests, the friction coefficient and wear scar 

diameter decrease first and then increase with the addition of graphite coated metal nanoparticles and Ni@G shows the best tribological 

properties as a lubricant additive of graphite coated metal. 

Key words: detonation synthesis; graphite coated metal; nanomaterial; core-shell structure; tribological properties 
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