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The objective of the present work is to improve the protection against the oxidation, that usually appears 
in core@shell nanoparticles, through the control of the synthesis process. Oxidized iron nanoparticles 
involve a loss of the magnetic characteristics and also changes on the chemical properties. Our results 
indicate no loss of superparamagnetic characteristics. The reactor works in Arc-Discharge and spherical 
iron nanoparticles coated with a shell of carbon were obtained at near-atmospheric pressure conditions 
(5–8×10Pa). The current was always 40 Α and the studied concentration range of the Fe into isooctane 
varies between 1% w/w and 4%w/w. Also the studied flow of the precursor gas varied from 30cm

3
/min 

to 120cm
3
/min. The resulting diameter of the iron core is between 5-9nm as we could measure by 

transmission electron microscopy (TEM). From the selected area electron diffraction (SAED), the 
nanoparticles appear to have a crystalline dense iron core. From the energy-dispersive X-ray analysis 
(STEM-EDX) we have verified the absence of oxygen in the core. The magnetic properties of the 
nanoparticles have been investigated up to 5K temperature using a superconducting quantum 
interference device (SQUID). The results reveal a superparamagnetic behaviour, narrow size 
distribution and an average diameter of 6 nm of the nanoparticles having a blocking temperature near 
40 K. 
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Figures 

 Figure 2: TEM 

images of Fe@C nanoparticles in different concentrations and flows. A) 30ml/min, in a concentration of 1% w/w, B) 30 

ml/min, in precursor concentration of 2% w/w, C)  30 ml/min, in a concentration of 4% w/w D) 60 ml/min, in a 

concentration of 1% w/w 
a/a 1%w/w /σ 2%w/w  /σ 4%w/w/σ 

30cm
3
/min 8.18nm/1.22(Fig 

3.c) 
5.43nm/1.34(Figure 
3.d) 

5.34nm/ 
1.33(Figure 
3.f) 

60cm
3
/min 6.23nm/ 1.47 

(Figure 3.a) 
6.12nm/ 
1.46(Figure 3.e) 

5.22nm/ 
1.22(Figure 
3.g) 

120cm
3
/min 5.22nm/ 

1.25(Figure 3.b) 
  

Table 2: The geometric mean and the geometric standard deviation of all our samples in relation 
with the set parameters. 
 

 Figure 5: The energy-dispersive X-ray analysis in which we 
can see the pick that corresponds to the La excitation of iron and the absence of oxygen. 

 The hysteresis loops 
measured at 5K for samples with different precursor concentrations: a) 1% w/w and b) 2% w/w. 
Both were obtained at a precursor gas flow of 30 ml/min. 

 Figure 8: Zero fields cooled and the field cooled magnetization curves 
for 100 Oe field. 


