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Abstract

X-ray diffraction, Mossbauer and Auger electron spectroscopy, electron and atomic force microscopy
were employed in order to study the sequence of structural phase transformations in the course of me-
chanical alloying (MA) and annealing the iron—titanium—carbon system obtained from the mixtures of
different compositions: powders of pure elements Fe (70 at. %), Ti (15 at. %), graphite (15 at. %); Fe (70 at. %)
and TiC (30 at. %) powders; Fe (70 at. %) and Ti (15 at. %) powders with toluene. It has been demonstrated that
in all the cases the MA results in the formation of nanocomposite powders with a complicated phase composi-
tion such as solid solution based on Fe, roentgen-amorphous phase based on carbides TiC and Fe,;C, carbide
TiC. Annealing results in the crystallization of the amorphous phase, decomposition of the solid solution and
formation of nanocomposite Fe + TiC + Fe;C. The dispersity, number and the composition of carbide phases
depend on MA conditions. In the case of Fe, Ti and toluene mixture, by varying MA time one can obtain a

two-phase Fe + TiC system with the uniform distribution of nanocrystalline phases in the sample.
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INTRODUCTION

Among composite materials based on met-
als, an extensive application in the industry is
found by hard alloys and carbide-steel those
represent composites with a carbide reinforc-
ing phase regularly distributed within viscous
metal matrix. The level of plasticity, durabili-
ty, hardness and wear resistance of such com-
posites is determined both by physicomechani-
cal properties of a metal coupler and carbide
reinforcing phase, and by their structure [1, 2]
The most important characteristics of the struc-
ture are presented by dispersity and a volu-
metric content of the carbide phase. It is com-
monly known that due to a high dispersity (less
than 100 nm) of phases and crystallites in nano-
structurized materials one could realize an ad-
ditional possibility for improving useful prop-
erties [3—5]. From this point of view, obtaining
and studying the nanostructurized analogues
of hard alloys and carbide-steel, obtained via
the method of mechanical alloying (MA) is of
a considerable interest.

Due to a unique complex of properties (high
hardness, thermal and chemical stability, tem-
perature conductivity, low density), titanium car-
bide TiC is a prospective material for application
as a reinforcing phase in high-strength and hard
alloys as a material for machining tools and as a
basis foe ceramic materials and metal-ceramic
composites. Usually Fe—TiC composites are ob-
tained using high-temperature methods [1, 2, 6],
which is connected with a required use of heat-
resistant materials as well as with a high energy
consumption in the course of synthesis.

In this connection is of interest to study the
possibility of synthesizing such composites in
nanocrystalline state in the process of MA. On
the other hand, the technology for preparing
carbide steel includes the use of organic lig-
uids (gasoline, acetone, ethyl alcohol, cyclohex-
ane) as an environment for grinding [1, 2], how-
ever the influence of an organic environment
for grinding upon the process of forming the
structure, phase composition and properties of
the alloys under obtaining is not investigated
up till now.
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The purpose of the present work consists in
the studies on the sequence of structure - phase
transformations in the iron—titanium—carbon
system under different MA conditions and sub-
sequent annealing.

EXPERIMENTAL

Mechanical alloying (MA) procedure was car-
ried via three methods using the mixtures with
the following composition:

1) Powders of iron, titanium, graphite at a
ratio 70 : 15 : 15 at. %, in the environment of
argon, the duration of MA (ty;,) amounted to
1, 2, 4, 8, 16 h (sample Fe—Ti—C);

2) Powders of iron and titanium carbide TiC
at a ratio 70 : 30 at. %, in the environment of
argon, tyrp = 1, 2, 4, 8, 16 h (sample Fe—TiC);

3) Powders of iron and titanium at a ratio
70 : 15 at. %, in the environment of toluene,
tya = 16, 20, 32 h (sample Fe—Ti—toluene).

The mechanical alloying was carried out in a
Fritsch P-7 planetary ball mill (Germany) with
the acceleration of 25g. Mill vessels 45 cm?® in
volume and milling balls (20 balls, 10 mm in di-
ameter) were made of ShKh15 steel (1 % C and
1.5 9% Cr) with high hardness and a minimal con-
tent of alloying elements in order to minimize
the contamination of powders by extraneous
impurities. With the use of forced air cooling,
the warming of the external wall of wvessels
during the mill operation did not exceed 80 °C.

Samples were annealed under vacuum of
1073 Pa at the temperature values amounting
to 500, 600, 700, 800 °C, during 1 h.

X-ray diffraction structural studies were car-
ried out employing DRON-3M diffractometer
with filtered CuK, radiation. Qualitative and
quantitative X-ray diffraction phase analysis,
as well as determining the parameters of crys-
tal lattice were carried out with the use of a
software package presented in [7, 8].

Mossbauer spectra were obtained using
YaGRS-4M spectrometer in a constant acceler-
ation mode with *’Co(Cr) source. In order to cal-
culate the distribution of superfine magnetic field
P(H) we used the method of regularization [9].

Auger electron spectra were obtained using
JAMP-10S spectrometer at the accelerating
voltage amounting to 10 kV, current strength

1077 A, electron probe diameter equal to
300 nm; electron microscopy images were ob-
tained with the use of secondary electrons. The
vacuum level in the spectrometer chamber
amounted to 1077 Pa. The etching of samples
was performed using Ar ions with 3 keV ener-
gy; the etching rate reached approximately
0.3 nm/min. The analysis of spectra was car-
ried out employing a technique described in [10].

The atomic force microscopy (AFM) studies
were performed using P47-SPM-MDT scanning
probe microscope in air, in a semi-contact mode
(tapping mode) for powders after annealing at
500 °C. Silicon cantilevers were used. The probe
represented a cone with the convergence angle
at the top less than 20°, 7 um high and with
the needle curvature radius less than 10 nm. In
order to reveal phase structural features, the
surface was etched with 3 % nitric acid solu-
tion in ethyl alcohol [11]. After such a process-
ing, ferrite only was etched, whereas carbides
remained intact being well displayes in three-
dimensional pictures of surface topography.

Metallographic studies were carried out for
thin sections of powders mixed with epoxide
resin, employing Neophot-2 microscope (Rus-
sia) with digital registration.

All measurements were performed at a room
temperature.

RESULTS AND DISCUSSION

From the data presented in Fig. 1 one can
see that after the MA the particles of Fe—Ti—
toluene powder are of stone-like shape with
the particle size ranging within 5—30 pm and
homogeneous morphological structure. The par-
ticles of Fe—Ti—C and Fe—TiC powders are
more gross, rounded consisting of a dark nu-
cleus and a light shell; small fraction of parti-
cles is inherent in the presence of a light shell
only (see Fig. 1, c, d).

Fe—Ti—C sample

Figure 2, a demonstrates X-ray diffraction
patterns for samples after MA procedure per-
formed during different exposition time. One
can see that after 1 h of processing the dif-
fraction pattern exhibits only reflexes corre-
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Fig. 1. Electron microscopy (a) and metallographic (b—d) images of powders after mechanical alloying procedure:
a, b — Fe—Ti—toluene, t\;, = 20 h; ¢ — Fe—Ti—C, tjy, = 16 h; d — Fe—TiC, tyyo = 16 h; 1 — shell, 2 — nucleus.
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Fig. 2. XRD patterns (a) and Mossbauer spectra as well as distribution functions P(H) (b) for Fe—Ti—C sample
after mechanical alloying procedure. Processing time, h: 1 (1), 2 (2), 4 (3), 8 (4), 16 (5).
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304 @ gen-amorphous phases based on carbides such
£ 32 as Fe,C and TiC. With the further increase in
. MA procedure duration up to 8 and 16 h,
ﬁ 153 against the background of amorphous halo
v 10: there are considerably broadened TiC and Fe;C
> reflexes. The grain size for both a-Fe and car-
0 2 4 6 8 10 12 14 16 bides amounts to 5—7 nm (Table 1). The results
a,nm tmeas, b of phase analysis for the sample obtained at
0.28857 b tya = 16 h, are presented in Table 2.
0.28804 When the phase composition is calculated for
0.28754 atomic percentage (with the assumption that
0.28704 the structure of carbides is stoichiometric), only
about 10 at.% of Ti bound in the TiC phase.
02865 Despite of high TiC formation enthalpy
02860 =T = 10 12 12 16 (209 kJ/mol) [13], the MA process in Fe~Ti—C

tmeas ’ h

Fig. 3. Results of quantitative analysis for Fe—Ti—C sample
after mechanical alloying. Grain size (a) and lattice
parameter (b) for BCC phase on the basis of Fe.

sponding to o-Fe and a-Ti. The absence of
graphite reflexes indicates a low atomic X-ray
scattering factor, as well as carbon diffusion
across metal grain boundaries, according to data
of [12]. The broadening of the reflexes with an
increase in MA procedure duration could be caused
by decreasing the size of grains and increasing
the level of microdeformations. After 4 h of MA
procedure the intensity of reflexes for initial met-
als abruptly decreases, whereas the grain size of
a-Fe decreases down to 13 nm (Fig. 3, a).

At the same time an increase of the back-
ground level is observed within a wide range
of angles amounting to 35—55° and 65—90° (see
Fig. 2, a) those are corresponding to the most
intense reflexes of cementite Fe;C and cubic
titanium carbide TiC is observed. The latter
could be interpreted as the formation of roent-

TABLE 1

mixture results in a slow synthesizing of tita-
nium carbide. In order to explain this fact the
authors of [14, 15] proposed a mechanism for
interdiffusion of components.

The lines of titanium carbide TiC are shift-
ed towards greater 26 angle values in compar-
ison with the reference data [16]. This fact could
be connected with non-stoichiometric composi-
tion of monocarbide (carbon deficiency there-
in), since titanium carbide TiC exhibits a wide
concentration range of the existence [16], as
well as with doping TiC with iron atoms. An-
other feature of the diffraction patterns con-
sists in shifting a-Fe reflexes towards lower
angle values, which reflects an increase in the
lattice parameter (see Figs. 2, a and 3, b).

This phenomenon, most likely, could be
caused by a partial dissolution of titanium and,
probably, carbon in the BCC of iron. If it is
assumed that only titanium could be dissolved
in a-Fe, the titanium content in a-Fe, accord-
ing to [17], would be equal to 6 at. %. Taking

Lattice parameter a and grain size <L> after mechanical alloying procedure (t,;, = 16 h) and annealing

Samples Parameters a-Fe TiC*
MA 500 °C 800 °C MA 500 °C 800 °C
Fe—-Ti—C a, =0.0005 nm 0.2882 0.2869 0.2869 0.4256
<L>, =1 nm 6 10 25 <5 5 10
Fe—TiC a, =0.0005 nm 0.2873 0.2868 0.2869 0.4296 0.4288 0.4293
<L>, *1 nm 11 15 40 9 9 15
Fe—Ti—toluene a, =0.0005 nm 0.2878 0.2869 0.2868 0.4277 0.4274 0.4305
<L>, *1 nm 6 13 22 5 6 12

**Lattice parameter for TiC after MA and annealing at 500 °C was not determined due to a large-scale broadening
and overlapping of lines.
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TABLE 2

Phase composition of samples, mass % (=3 %)

Samples tya, b T °C Fe TiC Fe;C
Fe-Ti—C 16 Initial 56 16 28
500 47 15 38
800 45 17 38
Fe-TiC 16 Initial 78 22 0
500 69 23 8
800 69 23 8
Fe—Ti—toluene 16 Initial 7 23 0
500 74 26 0
20 500 57 25 18
800 55 26 19
32 500 27 20 53

into account that about 10 at. % of Ti is bound
in TiC, the value obtained can be considered as
that close to the initial content of Ti (15 at. %).

Figure 2, b demonstrates Mossbauer spectra
for various stages of MA. At the initial stage,
the spectra under consideration represent Fe
sextet with insignificantly deformed lines, whereas
with the increase in MA procedure duration a peak
is observed to appear with H = 300 kOe (see Fig. 2,
curves 4 and 5), which confirms that there is
dissolution Ti in a-Fe occurring.

After 2h of MA exposed one can observe
the deviation of the spectrum with respect to
a non-resonant level, as well as the presence
of a weak non-split component at the center
of the spectrum. The distribution functions for
superfine magnetic fields P(H) reduced from the
spectra indicate that there is a wide and rather
flat distribution over the field intensity within
the range of 0—300 kOe, whose contribution
with respect to 16 h MA corresponding value
amounts up to 50 %. This fact confirms the con-
clusion drawn from XRD data that the forma-
tion of the amorphous phase occurs on the ba-
sis Fe—C carbides. Insignificant amount of a
non-split component could be attributed to the
atoms of iron dissolved in carbide TiC.

Figure 4 demonstrates the results of XRD and
Mossbauer analyses performed for Fe—Ti—C com-
posite (ty4 = 16 h) after MA and annealing. The
annealing at 500 °C results in the crystallization
of the amorphous phase and the decomposition
of the BCC solid solution on the basis of iron:

the lattice parameter approximates to the stan-
dard value (see Fig. 3, b and Table 1), as well as
to the disappearance of microdeformations in the
BCC phase. The grain size for iron and carbides
almost does not change (see Fig. 3, a).

The Mossbauer spectra of the powder at the
annealing temperature T,,, = 500 °C exhibit a
second sextet whose value H = 208 kOe ob-
tained is in a good agreement with the data
published earlier for carbide Fe,C [18—20]. At
T,nn > 600 °C, complete crystallization is ob-
served for the amorphous phase to result in the
formation of TiC, Fe;C and a-Fe, which is dis-
played well on the diffraction patterns. The pa-
rameter of 0-Fe lattice does not change with
the increase in the annealing temperature. The
Mossbauer spectra exhibit only two components
remained corresponding to Fe and Fe,C.

After annealing at 800 °C the size of Fe
grains grows up to 25 nm, and that of titani-
um carbide and cementite increases up to 10 nm.
Thus, the nanocrystalline state remains intact
after annealing. The annealing does not result
in a considerable changing in the phase com-
position of a sample. So, the amount of TiC
remains previous, the amount of cementite (see
Table 2) increases a little at the expense of car-
bon which was present as a solid solution in
a-Fe and in the segregations on the boundaries
of nanocrystallites [12].

The data of metallographic analysis indi-
cate that there is non-uniform internal struc-
ture of the particles of Fe—Ti—C powder (see
Fig. 1, c). The particles of coarse fraction pow-
der are non-uniform and consist of a central
(more dark) nucleus and a light shell. The ma-
jority of fine particles look so light. As it fol-
lows from the results of the Auger analysis of
these areas (Fig. 5, a and Table 3), the nuclei of
particles are enriched with titanium, whereas
the shells are enriched with iron.

From AFM data (see Fig. 5, b) one can see
that on the light sites the carbide particles
formed under annealing those are manifested
after etching as brighter inclusions, are in a
uniform manner distributed in the sample. This
fact indicates that there is a high level of uni-
formity of the components of the mixture
within these areas. It is obvious that nuclei are
formed at early stages of MA on the basis of
particles of the powder with high titanium con-
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tent . Such particles exhibit a greater hardness
and are longer intact, therefore in the process
of MA, a layer of softer products of the lat-
est alloying stages is formed thereon. From this
it follows that under the chosen conditions the
MA duration amounting to 16 h it is not enough
in order to obtain homogeneous distribution of
components in the composite on the basis of
the initial mixture of elementary Fe, Ti and
graphite powders.

Basing on the results obtained one could pro-
pose the following scheme of the MA process
resulting from elementary mixtures of powders.
Under the action of plastic deformations the
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components are mechanically mixed with the
simultaneous accumulation of defects and the
reduction of grain size [21]. After the moment
when nanocrystalline state is reached, at the
boundaries of grains there begins an intense
mutual diffusion of components to occur, which
in combination with plastic deformation results
in the formation of a solid solution and an amor-
phous phase [22—24].

The coefficient of grain-boundary carbon
diffusion in nanocrystalline metal is very high
[25], therefore the saturation of particles with
carbon and the formation of cementite within
iron particles and of titanium carbide within
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Fig. 4. XRD patterns (a), Mossbauer spectra and distribution
functions P(H) (b) for Fe—Ti—C sample (ty;, =16 h) after
different annealing modes: 1 — initial, 2—=5 — processed at
500, 600, 700 and 800 °C, respectively. In the insert one
can see a magnified part of the XRD pattern for T, , =
800 °C.
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Fig. 5. Auger electron spectra of a shell (1) and nucleus (2)
for coarse particles of Fe—Ti—C sample (a) and AFM image
of the shell after ferrite etching (b).
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TABLE 3

Results of Auger electron analysis of the composition
Fe—Ti—C and Fe—TiC sample surface after annealing
(Tyny, = 500 °C), =3 at. %

Fe Ti C (6] Fe: Ti
1 20 5 68 7 80 : 20
2 6 3 87 4 65 :35
Fe-TiC 1 15 7 66 12 70 : 30
2 3 3 90 4 50 :50

Samples Area*

Fe-Ti—-C

*Area 1 corresponds to a light shell of a particle, area 2
corresponds to a dark inclusion (nucleus) (see Figs. 1, ¢, d and 7).
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titanium particles proceeds faster than the
formation of Fe—Ti alloy. Further a joint plas-
tic deformation of iron-cementite and titani-
um-carbide particles occurs. The light areas pre-
vailing on the image are formed by particles
based on iron, and dark areas are formed by
particles formed on the basis of titanium.

Fe—TiC sample

Figure 6 demonstrates the results of XRD
and Mdssbauer analysis of the sample obtained
via MA (typ = 16 h) with the mixtures of iron
and titanium carbide TiC powders. As opposed
to Fe—Ti—C sample, there is almost no amor-
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Fig. 6. XRD patterns (a), Mdssbauer spectra and distribution

functions P(H) (b) for Fe—TiC sample: 1 — after mechanical

alloying procedure during 16 h; 2, 3 — annealed at 500 and

800 °C, respectively.
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phous phase in this sample after MA procedure.
The lines of carbide TiC are not shifted com-
paring to the reference, i.e. the structure of
carbide does not change in the process of MA.
There is a small increase in the parameter of Fe
lattice observed (up to 0.2873 nm), which indi-
cates that the dissolution of the titanium in iron
occurs. However, for Fe—TiC sample the amount
of titanium dissolved in iron is less comparing to
Fe—Ti—C (=3 at. %) (see Table 1). The grain size
of Fe and TiC amounts to 11 nm. The Mossbauer
spectral data indicate the occurrence of titanium
in iron, too: a distortion of the lines disappearing
after annealing is observed.

After annealing at 500 °C the parameter of
iron lattice approaches to the reference wvalue,
the size of grains for iron titanium carbide al-
most does not change. After annealing at 800 °C
the size of iron grain amounts to 40 nm, the grain
size for titanium carbide amounts up to 15 nm.
The X-ray diffraction patterns and Mossbauer
spectra exhibit Fe;C phase (about 8 mass %, see
Table 2). The formation of Fe;C, to all appear-
ance, could be caused by the presence of free
carbon in the initial carbide and by the dissolu-
tion of titanium carbide in the course of MA
processing. The content of TiC phase after an-
nealing amounts to 23 at. %, which is less than
the content in the initial sample (30 at. %).

Figure 1, d demonstrates the microstructure
of Fe—TiC powder particles after MA procedure
during 16 h. Just as in the case of Fe—Ti—C pow-
der, the particles of coarse fraction consist of a
nucleus and a shell. The distinctive feature of
the microstructure of Fe—TiC powder consists
in the presence of dispersed inclusions of TiC
remained intact as a result of grinding of the
initial powder. The nuclei contain much more
such inclusions in comparison with the shell of
particles. In this case, more hard particles of
powder consisting mainly of TiC inclusions, are
inherent in the formation thereon of the prod-
ucts resulted from later MA stages.

The Auger spectra obtained for metal ma-
trix and carbide inclusions of Fe—TiC powder
are demonstrated in Fig. 7, a, the quantitative
analysis data are presented in Table 3. The re-
sults confirm that the inclusions represent the
particles of non-dissolved titanium carbide. The
surface of a carbide particle is covered by car-
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Fig. 7. Auger electron spectra for a metal matrix (1)
and inclusions (2) in Fe—TiC powder (a) and AFM image
for a metal matrix (b) and nucleus (c).
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bon, which is exhibited by an increased inten-
sity of carbon lines and lowered intensity of
lines corresponding to other elements in Auger
spectrum. In the same manner as for Fe—Ti—C
sample, titanium is present in the structure of
iron matrix, and iron is present in the struc-
ture of inclusions based on titanium carbide.
From AFM data for the etched surface of
powder particles’ section (see Fig. 7, b) one can
see that besides homogeneously distributed fine
secondary carbide particles with the grain size
up to 100 nm, there are considerably more coarse
(1-10 pm) non-dissolved titanium carbide parti-
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cles. On the AFM image of a large carbide inclu-
sion (see Fig. 7, b) one can see well a layered struc-
ture, i.e. the MA process within large carbide
particles occurs at an initial stage such as the stage
of forming a curtailed layered structure [26].
Thus, the results obtained allow us to pro-
pose the following scheme of the MA process
for Fe—TiC system. Under the action of intense
plastic deformations, the formation of nanoc-
rystalline structure in iron, grinding of fragile
titanium carbide as well as the dissolution of
fine titanium carbide particles in iron accord-
ing to the mechanism suggested in work [27]
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Fig. 8. XRD patterns for Fe—Ti—toluene sample: a — after
mechanical alloying during 16 (1), 20 (2), 32 h (3);
b — the same samples after annealing at T,,, = 500 °C;
¢ — Mossbauer spectra and distribution functions P(H):
1-5 — after mechanical alloying procedure during 16 (1), 20
(2, 3), 32 h (4, 5) and annealing at 500 °C (3, 5).
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are observed to occur. In addition there is the
formation of Ti and C solid solution in iron and
then the formation of the secondary Fe;C and
TiC carbides within the particles of iron. Since
the inclusions of titanium carbide partly re-
main coarse, one could assume that in the case
of a Fe—TiC sample the duration of MA pro-
cedure (16 h) appeared not enough in order to
obtain a homogeneous distribution of nanoc-
rystalline phases within a sample.

Fe—Ti—toluene sample

It has been established that under MA the
behaviour of a Fe—Ti—toluene sample is in many
respects similar to the behaviour of Fe—Ti—C
sample. Figure 8 demonstrates the results of
XRD and Mo??ssbauer analyses of the sample.
After the MA procedure, the lines of titanium
carbide TiC are shifted towards higher values
of 20 angle in comparison with data of [16],
which indicates that there is TiC doping with
iron atoms observed. This fact is also confirmed
by the fact that presence a component within
the magnetic field range of 0—50 kOe is present
in the P(H) function. The reflexes of a-Fe are
shifted towards lowere angles, which reflects an
increase in the lattice parameter (0.2878 nm) due
to Ti dissolution in Fe (=5 at. %) being also con-
firmed by the presence a peak with H = 300
kOe in the P(H) functions (see Fig. 8, ¢, curves
1, 2, 4). The grain size of iron and titanium car-
bide amounts to about 6 nm (see Table 1).

The main difference consists in the fact that
the MA process results first of all in the for-
mation formed of titanium carbide, and only
when almost all the titanium turns into car-
bide, there starts the formation of cementite
whose amount grows with the increase in MA
duration time (see Table 2). After annealing,
the destruction of solid solution occurs, the lat-
tice parameter value approaches to the initial
one (0.2868 nm). After annealing at the tem-
perature of 800 °C the grain size of a-Fe in-
creases up to 22 nm, the grain size of titanium
carbide amounts up to 12 nm (see Table 1).

At tyra 2 20 h the functions P(H), reconstruct-
ed from M?7ssbauer spectra, exhibit a wide field
distribution within the range of 50—300 kOe. It
could be connected with the formation of phas-
es based on Fe—C those form Fe;C after an-

50 100 150 200 nm
Fig. 9. AFM image for the section of Fe—Ti—toluene sample.

nealing (see Fig. 8, a, curves 3, 5). The cementite
formed exhibits sufficiently wide field distri-
bution as well as a lower (in comparison with
the reference data [16]) value of the average
field (H = 190 kOe). Most likely, this could be
connected with the fact that at a long time of
grinding a part of iron atoms in cementite is
substituted by titanium forming complex car-
bide such as Fe(Ti) ;C.

Metallographic studies have revealed no fea-
tures in the morphology of the particles ob-
tained as the result of MA process in the Fe—
Ti mixture in toluene (see Fig. 1, b). From AFM
data (Fig. 9) one can see that, as opposed to
samples Fe—Ti—C and Fe—TiC, the grain struc-
ture of particles of Fe—Ti—toluene sample af-
ter annealing at 500 °C is homogeneous, with
fine grains identical in size.

The scheme of the MA process in this case
could be presented as it follows: the formation
of nanocrystalline phase, the dissolution of a
part of Ti in Fe, thermocatalytic destruction
of toluene on fresh-formed metal surface [28],
the formation of predominantly TiC owing to
a higher enthalpy of its formation (=209 kJ/
mol) as compared to the enthalpy of Fe;C for-
mation (25 kJ/mol) [13]. After the most part of
titanium produce TiC, carbon which continues
to segregate resulting from the destruction of
toluene is bound with Fe to form Fe;C.

CONCLUSION
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1. A sequence of phase structure transfor-
mations has been studied for mechanical alloy-
ing and annealing of iron— titanium-—carbon
systems obtained from the mixtures of various
compositions: the powders of pure elements
such as Fe, Ti and graphite, the powders of
Fe and TiC, the powders of Fe, Ti and tolu-
ene. In the first case, there is a simultaneous
formation of TiC and Fe;C observed; in the
second case, one can observe the dissolution TiC
and the formation of secondary TiC and Fe,C
inclusions, whereas in the case of Fe—Ti—tolu-
ene sample, first of all TiC, and then Fe;C are
formed.

2. It has been demonstrated that despite of
different sequences of phase transformations,
in all the cases the final result of MA process-
ing consists in the formation of nanocomposite
powders based on the combination of the fol-
lowing phases: solid solution on the basis of Fe,
roentgen-amorphous phase on the basis of car-
bides TiC and Fe;C, carbide TiC. The relation-
ship between phase components and their mor-
phology depend on the structure of precursors.

3. Annealing results in the decomposition of
the amorphous phase and solid solution to pro-
duce Fe + TiC + Fe;C nanocomposite. The dis-
persity, the amount and the structure of car-
bide phases formed under annealing the com-
posites depend on the phase structural state of
the alloy under investigation after MA proce-
dure. In the case of Fe, Ti and toluene mix-
ture, via varying MA duration one could ob-
tain a two-phase system Fe + TiC with the uni-
form distribution of nanocrystalline phases
within the bulk of a sample.
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