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Abstract

The novel ultrafine material of graphite encapsulated metal (GEM) nanaoparticles was first dis-
covered in 1993. The outer shells of GEM material are composed of graphitic layers with supe-
rior adsorbing property and the inner core is composed of nanocrystalline metal. Due to the ex-
cellent catalytic ability of ferromagnetic metal to transform carbon to graphite, the researches
about synthesizing graphite encapsulated ferromagnetic metal nanoparticles are most common.
In this study, we focused on the purification and surface modification procedures of FeGEM. It is
found that the purification steps with hydrochloric acid can reduce the impurities of oxides and
preserve high percentage of well-encapsulated nanoparticles. We also found that after the puri-
fication, the following refluxing procedure with nitric acid under 80°C can modify the surface of
FeGEM nanoparticles from hydrophobicity to hydrophilicity and maintain the suspension of
FeGEM in water or ethanol for more than 24 h. The modification processes not only overcome
the agglomeration problem of FeGEM nanoparticles but also enhance the potential applications
of the material.
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Figure 1. (a) and (b) are the HRTEM images of FeGEM nanoparticles
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Figure 2. The purification procedure of FeGEM nanoparticles
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Figure 3. (a) SEM image of FeGEM nanoparticles which were purified by HNO3; (b) and (c) The EDS results of rectangle
area in SEM image show the impurities of iron oxide
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Figure 4. (a) SEM image of FeGEM nanoparticles which were purified by H,SO,; (b) The EDS result of rectangle area in
SEM image
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Figure 5. (@) SEM image of FeGEM nanoparticles which were purified by HCI; (b) The EDS result of rectangle area in

SEM image
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Figure 6. Raman results of FeGEM nanoparticles purified by different acid
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Figure 7. Raman results of FeEGEM nanoparticles refluxing with different acid
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Figure 8. The observation results of FEGEM particles. From left to right the FeGEM
nanoparticles are treated by HCI acid treatment only (in deionized water), H,SO,4-
refluxing (in deionized water), H,SO,4-refluxing (in alcohol), HNO;-refluxing (in al-
cohol) and HNOjs-refluxing (in deionized water). The pictures show the appearance

after (a) 30 min, (b) 60 min, and (c) 24 h
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