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Carbon nanostructures containing ferromagnetic material attract attention thanks to their 
unique physical properties. These kinds of structure could find different practical applications 
such as, drug delivery systems, medical contrast elements or information storage system [1]. 
Many studies describing encapsulates (metal crystals in carbon shells) containing simple 
ferromagnetic crystallites such as, Co, Fe, Ni [2], there are almost no information about hard 
magnetic material Nd-Fe-Br encapsulated in carbon shells. When Nd-Fe-Br encapsulates are 
obtained as individual single-crystal nanoparticles, the demagnetisation of these structures 
should occurs by rotation of magnetization vector, which in case of high anisotropy uniaxial 
structures have produces coercivity close to the anisotropy field. This mechanism occurs 
when the individual grain are smaller then the critical value for the single domain. For 
Nd2Fe14B phase this critical value is equal to about 100nm.  
 
The Nd-Fe-B encapsulates were produced by arc-discharge method [3]. The experiments were 
performed in a reaction chamber in helium atmosphere under two different pressures, 133 and 
600 mbar. The samples were produced in different  arc voltage and current condition   
(voltage 17-32 V and current 61-89 A). The channel (3mm in diameter) was drilled in the 
anode and filled with a mixture of Nd2Fe14B and graphite powder. The soot formed on the 
walls of the reactor was purified by acid treatment to remove metal crystals not encapsulated.  
 
HRTEM images show the product is composed of metal crystals encapsulated in carbon shells 
as well as empty carbon shells (Fig.1). The size of the particles is in the range of 10-100nm. 
X-EDS spectra indicate that the carbon encapsulates contain Fe and Fe-Nd. MFM 
measurements show that nanoparticles demonstrate ferromagnetic behaviour. Magnetic force 
measurements were performed using the MFM tip for hard magnetic materials. The hard 
magnetic particles are visible on the MFM image due to dark contrast (Fig.2). Not all particles 
visible on magnetic interaction image interact with the tip of MFM in this same way, because 
only part of them is filled with hard magnetic materials, which attracts the tip. The highest 
coercivity (413 Oe (33 kA/m)) indicate that encapsulates are magnetically hard, which 
suggest  that carbon shells contain Nd-Fe-B nanocrystals [1].  
 
MFM, X-EDS and coercivity measurements allow as to conclude that part of encapsulates 
contain hard magnetic Nd-Fe-B phase, however it has not been proved by electron diffraction 
method yet. Such encapsulates can be used in drug delivery systems. After the acid treatment 
on the surface of encapsulates –OH groups should be present. These groups can be easily 
substitute by different compound-like drug molecules. 
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Fig.1 HRTEM images of encapsulates. 
 

 
Fig.2 AFM (left) and MFM (right) images of encapsulates. 
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