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In this paper the nanocomposites based on FeTiC and FeTiN which were produced by mechanosynthesis of
the mixture of Fe or FeN (82 at.%) and Ti (18 at.%) in toluene for 16 h and subsequent compaction have been
studied. The structural-phase composition and morphology of the mechanosynthesized powders were studied by
X-ray diraction analysis, the Mössbauer spectroscopy and electron microscopy. It has been shown that powders
of the following composition: a solid solution based on Fe, TiC or TiN, a phase on the basis of Fe3 C  are formed
by mechanosynthesis. The measurements of microhardness and corrosion resistance of the produced compacts were
carried out as well.
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1. Introduction

At present the development of alloys characterized by
high hardness, wear and corrosion resistance for manufacturing various structural parts or coatings that operate
under high mechanical loads and aggressive environments
is of great interest. Perspective materials are metal alloys
toughened by ceramic particles  carbides, nitrides, oxides of refractory metals, which possess unique physical
properties including high hardness, thermal and chemical
stability [13].
Mechanosynthesized

composites

based

on

metal

ceramics have unique properties and cannot be produced
by conventional metallurgical techniques.

A nanocrys-

talline structure, through which more opportunities to
improve useful properties of such composites can be im-

Fig. 1. The metallographic examination of nitrided
iron (Fe31 at.% N).

plemented, is of considerable importance.
The structural-phase composition of the mechanosynthesized samples and the inuence of the type of reinforcing ferrite matrix particles on the physical and chemical

made of hardened steel, which has a minimum content of

properties of compacts have been studied in this paper.

alloying elements. The weight of the initial downloaded
powder was 10 g.

The volume of the mill vial left was

lled with toluene taken as a carbon source. The samples

2. Experimental procedure

were milled for 20 h.
The mechanosynthesized powders were compacted by

2.1. Preparation of FeTiC and FeTiN composites

the method of magnetic pulse compaction [4, 5] in vac-

The samples were produced by mechanosynthesis (MS)
1) 82 at.% Fe (99.95% purity, an average particle size

10µm)

and thickness being equal to 2 mm.

and 18 at.% Ti in toluene for 16 h

2.2. Characterization of FeTiC and FeTiN
composites

(FeTiC composite);
2) 82 at.% FeN (Fig. 1) and 18 at.% Ti in toluene for
16 h (FeTiN composite).
MS was carried out using Fritsch Pulverisette 7 planetary ball mill.

The compacts pro-

duced were of a disk form, their diameter being of 15 mm

of the powder mixtures:
was about

◦

uum at the temperature of 500 C.

The mill vials and grinding balls were

The X-ray diraction (XRD) measurements were carried out using a DRON-3M diractometer (Cu

Kα

radi-

ation). The software packages [6] were used to perform
qualitative and quantitative XRD analyses as well as to
determine the lattice parameters. The Mössbauer spec-
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tra were obtained in the constant acceleration mode using a NGRS-4M spectrometer with a

(1053)

57

Co(Cr) source.
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The

P(H)

distribution functions of the magnetic hyper-

ne elds were found by the generalized regular algorithm [7]. The metallographic examination was carried
out using a LEO 982 scanning electron microscope. The
polished samples were etched by a 3% nitric acid solution in alcohol.

The microhardness of the compacts

was measured by the method of Vickers diamond pyramid indentation using a mechanical properties measuring device, Nanotest 600. The corrosion resistance of the
compacts was studied by potentiodynamic method using an IPC-Pro potentiostat at room temperature. The
measurements were carried out in a borate solution with
pH = 7.4.

3. Results and discussion

In the X-ray pattern of the FeTiC powder after MS

α-

Fig. 3. Mössbauer spectra and P (H) functions: (a)
FeTiC, (b) FeTiN.

Fe and TiC reections strongly broadened are presented
(Fig. 2a).

The formed TiC is characterized by the low

value of the lattice parameter due to the low concentration of carbon in the monocarbide (Table I). The lattice
parameter of

α-Fe

increases up to 0.2877 nm compar-

ing to the original iron lattice parameter (0.2866 nm).
The most likely reason for the increase of the lattice parameter is the partial dissolution of Ti (≈

α-Fe

3

at.%) in

[8]. The data of the XRD analysis are well agreed

with the data obtained by the method of the Mössbauer
spectroscopy. In the functions

P (H),

recovered from the

α-Fe and alloying
α-Fe by Ti atoms (300 ÷ 320 kOe) are revealed (Fig. 3a).
Mössbauer spectra, the peaks related to

TABLE I
XRD analysis results: the powders after MS.
Lattice
Grain size
parameters
hLi
[nm] ±0.5 pm [nm] ±1
α−Fe
68
0.2877
8
FeTiC
TiC
23
0.4288
6
Fe3 C
9
*
*
α−Fe
38
0.2874
6
FeTiN
TiN
27
0.4222
5
Fe3 C
35
*
*
*The lattice parameters and grain size could not be determined because of the strong broadening of the lines
Sample

Phase
wt%
composition (±5%)

MS of the mixture of FeN and Ti in toluene results in
the formation of complicated phase composition powders
(Fig. 2b, 3b; Table I), i. e. a solid solution based on

α-

Fe, non-stoichiometric TiN and Fe3 C. Under conditions
of severe plastic deformation at MS primary nitrided iron
disorders and loses nitrogen. Next step is the TiN phase
formation (∆H (TiN)

= −323 kJ/mol) as long as the sys-

tem has free titanium. The carbon which is released due
to toluene destruction, bonds to Fe, forming Fe3 C.

Fig. 2. X-ray pattern of the powders after MS: (a) Fe
TiC, (b) FeTiN.

Images of the surface of the FeTiC and FeTiN compacts after chemical etching (Fig. 4) do not dier qualitatively. Compacts consist of fragments with an average

The sequence of structural and phase transformations
during MS of the Fe and Ti powders in toluene can be
presented as the formation of the nanocrystalline structure in the particles of

α-Fe

and Ti, the dissolution of

size,

≈ 40µm, which corresponds to the size of the powder

particles after MS. Small globular and large inclusions of
a faceted shape characteristic for TiC and TiN are seen
at higher magnication.

the thermocatalytic destruction of toluene

Figure 5 and Table II show the results of XRD analysis.

at newly formed metal surface, the formation of mostly

The X-ray patterns of the FeTiC and FeTiN compacts

TiC for which the enthalpy of formation, ∆H (TiC) =
−209 kJ/mol, is much smaller than that for cementite,
∆H (Fe3 C) = 25 kJ/mol. Once the total amount of the

show broadened

free Ti forms carbide, the carbon which is being released

a density of 96% of the theoretical one (Table III). The

due to toluene destruction is related to Fe with Fe3 C

highest microhardness was obtained using the FeTiC

formation.

compact.

Ti in

α-Fe,

α-Fe and Fe3 C reexions along with TiC

and TiN reexions, respectively.
Microhardness of the FeTiC compact is 13.5 GPa at
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TABLE II
XRD analysis results: the compacts.
Lattice
Grain size
parameters
hLi
[nm] ±0.5 pm [nm] ±1
α−Fe
64
0.2877
11
FeTiC
TiC
24
0.4259
6
Fe3 C
12
*
*
α−Fe
35
0.2877
9
FeTiN
TiN
27
0.4222
6
Fe3 C
38
*
*
*The lattice parameters and grain size could not be determined because of the strong broadening of the lines
Sample

Fig. 4. Electron microscopy images of the compacts:
(a) FeTiC, (b) FeTiN.

Phase
wt%
composition (±5%)

TABLE III
Microhardness Hv and density ρ of the compacts.
ρ [g/m3 ] ±0.1
Hv200 GPa
Exp.
Theor.*
FeTiC
6.8
7.1
13.5±0.7
FeTiN
6.8
7.2
12.1±0.7
*Theoretical density from X-ray data

Sample

Fig. 5. X-ray pattern of the compacts: (a) FeTiC,
(b) FeTiN.
One of the most important factors determining the corrosion resistance in neutral media is the resistance of the
formed passive lms to the action of ions provoking pit-

Fig. 6. Anodic curves of Fe and compacts in borate
solution, pH = 7.4, with 0.01 M NaCl.

ting corrosion and, above all, to the action of chloride
ions.

Figure 6 shows the corrosion resistance test re-

sults of Fe and compacts in borate solution (pH = 7.4)
with 0.01 M NaCl. Passive lm breakdown potential of
the FeTiC compact is 200 mV higher than that of Fe.
This indicates a higher stability of the passive lm on
the FeTiC compact (consist mainly of FeOTiO2 mixed
oxides [9]) to the destructive action of chloride ions compared to the passive lm on Fe. Passive lm on FeTiN
compact has even higher corrosion resistance. This can
be explained by the additional inclusion of nitrogen particles in its composition and the formation of the FeO
NOx structures [10-13].
Similar results were obtained in studies of corrosion
resistance of Fe and compacts in borate solution, pH =
7.4 without adding 0.01 M NaCl (Fig. 7). Passive lm
on FeTiN compact has the highest corrosion resistance.

Fig. 7. Anodic curves of Fe and compacts in borate
solution, pH = 7.4, without adding 0.01 M NaCl.
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4. Conclusions

Mechanosynthesis of the mixture of Fe (or FeN) and
Ti in toluene for 16 h has been shown to result in the formation of the complicated phases composition nanocomposites.
based on

The phases are presented as a solid solution

α-Fe,

non-stoichiometric TiC or TiN and a

phase on the basis of Fe3 C.
The produced compacts have a number of important
practical physical and chemical properties. On reinforcing the ferrite matrix by the TiC particles predominantly
the produced nanocomposite shows the highest microhardness, 13.5 GPa at a density of 96% of the theoretical
one.
The reinforcing of the ferrite matrix by the TiN particles leads to high corrosion resistance in neutral media,
which are the most important for practical applications
of produced nanocomposites.
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