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Introduction 

Metal-carbon nanocomposites at present time take 
attention to themselves due to their physicochemical 
properties uniqueness. Ferromagnetic based metal-
carbon nanocomposites take a particular place among 
them. In the present report the results of investigations 
of Me-C nanocomposites containing Fe,Ni and Fe-Ni 
mixtures thermal resistance on air. 

 
Results and Discussion 

Thermal analysis of samples produced by arc-
discharge method due to pure graphite and its  
mechanical mixtures with ferromagnetics (Fe, Ni,  
Fe-Ni) evaporation have been performed using the 
derivatograph Q-1500D in conditions of dynamic 
heating in air from room temperature to 1000oC. 

The results of mass change (TG), mass change rate 
(DTG), heat changes (enthalpy change, DTA) for 
synthesis products during the heating process are given 
in Fig.1 and Table 1. 

The results of X-ray phase analysis for the samples 
before and after oxidation, which were received using 
the difractometer DRON-3M, are represented in the 
Table 2. 

The investigation which were carried out show that 
oxidation of graphitized parietal soot occurs in 
temperature range 329-778oC. The broad asymmetric 
peak with Tmax = 684oC corresponds to this process on 
the DTG curve. The DTG curve nature in temperature 
range ~500-6650C indicates on formation of a few 
nanostructures with various thermal resistance. The 
moderate broad exothermic peak is noticed in this 
temperature range on DTA curve. It  overlaps with 
more large exothermic peak with maximal intensity at 
7090C (Fig.1a, Table 1 and Table 2). 

From literature data it is known that amorphous 
carbon burns in temperature range 300-5000C. 
Fullerenes inflame at 5500C. Oxidation temperatures 
of one-wall and multi-wall carbon nanotubes equal 
650 and 7500С respectively. Graphitized particles 
interaction with air oxygen occurs at ~800oC [1,2]. 

According to the data which were received it’s 
needed to notice that smooth mass decreasing of soot 

in the low temperature range occurs due to amorphous 
carbon burning. Under heating till 6000C fullerene-
liked nanostructures oxidation occurs, and during the 
following temperature growth oxidation of graphitized 
mass and possible multy-wall carbon nanotubes 
begins. 

The products containing ferromagnetics begin to 
oxidize at lower temperatures: 206-2090C, and this 
process occurs in broader temperature range. Decrease 
of the product masses equals 61-72,3% (Fig.1b-d, 
Tab.1, p.p.2-4). Under oxidation of the product 
containing Fe on the DTG curve the shoulder is 
noticed at temperature about 386oC, and large 
asymmetric peak at 6680C (Tmax = 6680C)  
(Fig.1b, Tab.1,p.p.2). DTG curve of oxidation for the 
product with Ni contains as low temperature shoulder 
(3460C) (Tab.1,p.3) and so the second shoulder  
(T2 shoulder = 5300C).  T1 max  of the large asymmetric 
peak equals 6830C as in the case of the product with 
Fe oxidation (Fig.1c, Tab.1, p.3). Feature of high 
temperature behavior for the product containing Fe-Ni 
is the shoulder occurrence at 5050C only (Tab.1,p.4), 
shift of the large asymmetric peak to higher 
temperature range (6900C), appearance of one little 
peak more at 7760C (Fig.1d, Tab.1,p.4). 

Under oxidation of the samples which contain 
ferromagnetics occurrence of  shoulders on DTG 
curves at 346 and 3860 C is evidently associated with 
amorphous carbon burning. More complex character 
of TG, DTG, DTA curves of these samples oxidation 
(comparing with pure soot) at higher temperatures is 
explained by formation of solid products during 
heating due to oxidation of the metal at temperatures 
above 3000C. According to X-ray phase analysis 
oxides Fe2O3, NiO, complex oxide Ni1,43Fe1,7O4, 
amorphous halo at 2›≈12-240 (Tab.2) are found in the 
rest of the samples that were oxidized. 

The appearance of wide peak (Tmax=668 – 690oC) 
(Fig. 1 b-d, table 1, p.2-4) on the DTG curve as in the 
case of soot oxidation points to the availability of 
carbon nanotubes in products with ferromagnets. 
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Table1.  
The results of thermal investigation of products, produced by collateral graphite and ferromagnetics 

evaporation. 
DTG 

№ Material 
Temperature range of 

oxidation, 
оС 

Mass 
decrease 

% 
T1shoulder

oC 
T2shoulder

oC 
T1max 

oC 
T2max 

oC 
DTA 

1. С(сажа) 329-778 98   684  709 
2. С+Fe 209-886 61 386  668  668 
3. C+Ni 209-849 70.4 346 530 683  692 
4. C+Fe+Ni 206-894 72.3  505 690.5 776 697 
 
 

Table 2.  
The results of X-ray phase analysis for graphite 

samples with ferromagnets before and after 
oxidation. 

№ Material 
Phase composition 
before oxidation 

Phase 
composition 

after 
oxidation 

1. С(soot) 
rombohedral 

distortion of graphite 
― 

2. C+Fe 

Soot (amorphous 
phase, halo  

on 2θ ≈12-220), 
graphite traces, (line 

of intermediate 
intensity, d=3,36A0), 
α-Fe (VCC) and 
γ-Fe FCC- lattices 

Main phase – 
Fe2O3, 

amorphous 
phase, (halo 

on 2θ≈14-240) 

3. C+Ni 

Soot Ni(C)-  solid 
solution(interplanar 

spacing are increased), 
traces of  NiC. 

Main phase – 
NiO, amorphous 

phase, (halo 
on 2θ≈16-250) 

4. C+Fe+Ni 

Fe0.64 Ni0.36 (cubic 
crystal system), soot, 

traces of graphite 
with rombohedral 

distortion 

Main phase – 
Ni1.43 

Fe1.7O4(FCC), 
NiO, amorphous 

phase, (halo 
 on 2θ≈12-240) 

 
Conclusions 
The carried out investigations have shown that 
produced Me-C nanocomposites are oxidized in higher 
temperature range than pure soot. Increasing of upper 
interval of temperature oxidation may be explained by 
ferromagnetics (catalysts of nanotubes grouth) and 
multy-wall nanotubes  oxidation. Decreasing of the 
oxidation temperature beginning can be explained by 
formation of amorphous soot-liked phase in the 
samples. 

 
Fig.1. Temperature dependence TG, DTG, 

DTA curves of samples produced by evaporation of: 
1. a) pure graphite;  
2. mechanical mixtures: b) C+Fe;  c) C+Ni;  

d)  C+Fe+Ni. 
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