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Fabrication of Fe-TiO, nano-composite powder s by mechanical alloying
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The effects of mechanical alloying on the solid state reaction of hematite, Fe,O3; and titanium have been investigated at room
temperature. We found that the displacement reaction between a Fe,Os; and a more reactive Ti metal can be induced by
mechanical alloying. Fe-TiO, nano-composites in which TiO, particles were dispersed in an Fe matrix with nano grain size
were obtained by mechanical alloying the mixture of Fe,Os-Ti elemental powders for 30 hrs. The average grain sizes of iron
in the Fe-TiO, nano-composite could be reduced to the 20 nm range as estimated by X-ray diffraction line-width
measurements. We also show magnetic evidence for the solid state reduction by mechanical alloying through changes in
saturation magnetization and coercivity.
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I ntroduction may supply more useful indirect information about the
details of the MA process, as well as the properties of
Mechanica aloying (MA) has been recognized as a the nano-composite materias. In this way, we can point
worthy technique for synthesizing equilibrium and non- out what is unique in the solid state reduction by MA
equilibrium materials through solid-state diffusion under in the F&;O5-Ti system.
intense mechanical deformation [1-5]. In particular, it
has been shown that the mechanical alloying through Experimental
high energy ball milling may prove to be a useful and
cost-effective method for the production of nano- The mechanical aloying was carried out a room
structured materials with high performance [6, 7]. temperature with a mixture for hematite (99.9%, <0.1
Investigations of the magnetic properties of nano- UM in size) powders and pure titanium (99.9%, <150

composite MA powdersis of interest because of possible MM in size) powders with a molar ratio 2:3 under a
applications as permanent magnets, recording, and giant pure Ar (99.999%) gas atmosphere. A planetary ball
magnetostrictive materials [8-11]. Magnetic measure- mill (Fritsch Pulverisette 5) was used with its via

ments can aso be used to obtain information on rotation of 200 rpm. The vial and balls are made of the
magnetic phase composition, particle size distribution, hardened sted (SKD11) and tungsten carbide(WC),
and microstructures. The mechano-chemical reductions respectively. The total mass of powders was about 20 g
of a metal oxide by a more reactive metal have been and the ratio of bals to powders was 7:1. Milling was
demonstrated and usually occur through complex reac- interrupted for 6 minutes in every 30 minutes to
tions, forming several intermediate, non-equilibrium suppress the excessive temperature rise of the vial and
phases [12-17]. In the present work, we studied the balls.

formation of Fe-TiO, nano-composites by solid state The structural change of ball-milled powders was

reduction during ball milling of Fe,Os; and Ti powders: studied by X-ray diffraction in continuous and step
scanning modes with Cu-Ka radiation. The morphology

2Fe,0; + 3Ti - 4Fe + 3TiO, of the particles was observed using a scanning electron
microscope (SEM). The magnetization at room temper-

X-ray diffraction spectra suggest that the reduction of ature was measured with the vibrating sample magne-
hematite by titanium is a relatively simple reaction, tometer (VSM) cdibrated using a pure Ni disk (99.99%).

involving one intermediate phase. Magnetic measurements The maximum applied magnetic field was 15 kOe.
. Results and Discussion
*Corresponding author:
,T:ZIXQ igﬁ:gi:ﬁ%ﬁgé Figure 1 shows the X-ray diffraction patterns for the
E-mail: chlee@mokpo.ac.kr FeOs-Ti powders ball-milled for various time intervals.
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Fig. 1. X-ray diffraction patterns of Fe,Os-Ti powdersasafunction
of milling time.

It can be seen that the diffraction lines associated with
FeO; and Ti completely disappear after 1 h MA treat-
ment and, instead, the lines of Fe plus the intermediate
phase FesTisOy are formed. In contrast, a two-phase
mixture of a-Fe and TiO, was formed after 30 h MA,
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Fig. 2. Grain size of Fe in Fe-TiO, nanocomposite powders as a
function of milling time.

indicating the solid date reduction by MA was
completed. The broadening of the a-Fe diffraction lines
is caused by the refinement in grains and also by the
accumulation of defects and strains [18, 19].

Figure 2 shows the average grain size of Fe in MA
powders as estimated by X-ray diffraction pattern line-
width measurements. As is clear from Fig. 2, the Fe
grain size was gradualy decreased with increasing
milling time and finaly tended to reach 24 nm. This
suggests that the Fe-TiO, nano-composites in which
TiO, particles were dispersed in a ductile Fe matrix
with nano grain size were obtained by mechanica
aloying of the mixture of Fe,Os-Ti elemental powders.

The change in the morphology of MA powders was

Fig. 3. SEM micrographs of Fe;Os-Ti powders ball-milled for (8) 0 h, (b) 2 h, () 4 h, (d) 30 h.
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Fig. 4. Room temperature hysteresis loops of Fe,Os-Ti powders
ball-milled for (g) 1 h, (b) 10h, (c) 30 h.

studied as a function of milling time. Figure 3 shows
scanning electron micrographs for the Fe,0s-Ti powders
treated by MA for O h, 2 h, 4 h and 30 h. The powder
after MA for 30 h is fairly round and its size distribu-
tion is centered at about 1.5 um diameter. By contrast,
the powders after MA for 2 h and 4 h are more
irregular and agglomerated and their size distributions
are much broader.

The variation of the magnetic properties with MA
time has been investigated at room temperature by a
vibrating sample magnetometer in magnetic fields up
to 15 kOe. From these magnetic measurements, we can
obtain more indirect information about the details of
the MA process, as well as magnetic phase composition,
particle size distribution, and microstructures. The room
temperature hysteresis loops of ball-milled Fe,Os-Ti
powders are shown in Fig. 4 as a function of MA time.
Obvioudly, the change in saturation magnetization of
the samples indicates the transformation from the initia
hematite phase to iron through solid state reduction. In
addition, the similar shape of the hysteresis loops for
10 h and 30 h MA samples is due to the the fact that
iron particles are magnetically harder compared to the
1 h MA sample. This means that the grain size of iron
in the Fe-TiO, nano-composites is decreased with
increasing milling time.

Figure 5 shows the milling time dependence of satu-
ration magnetization for ball-milled Fe,Os-Ti powders.
It is seen that the saturation magnetization is increased
with milling time and then gradually saturated to 20.3
emu/g after 30 h MA. As recognized from Fig. 1, the
increase in Ms with milling time originates from the
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Fig. 5. The milling time dependence of saturation magnetization,
Ms of ball-milled Fe;Os-Ti powders.
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Fig. 6. The milling time dependence of coercivity, Hc of ball-
milled Fe;Os-Ti powders.

increasing iron phase produced by solid state reduction.
In addition, it should be emphasized that the saturation
of Ms after 30 h MA means an end to the displacement
reaction in the Fe,0Os-Ti system. Hence, the magnetic
data can supply a better understanding of the amount of
iron phase produced by ball milling.

The coercivity of Fe,0O3-Ti powders bal-milled for
various time intervals is shown in Fig. 6. At an early
stage of MA, it can be seen that the coercivity is very
low, suggesting that a relatively large grain size and
defect-free iron particles are formed. By contrast, Hc
gradually increases up to 280 Oe after 30 h of ball
milling. As can be redlized from Fig. 2, the decrease in
grain size of iron particles in Fe-TiO, nano-composite
powders is responsible for the high coercivity [11-13].
Studies to relate the present X-ray diffraction and vib-
rating sample magnetometer analyses to the micro-
structures of bal-milled Fe-TiO, nano-composite powders
are in progress.



Fabrication of Fe-TiO, nano-composite powders by mechanical alloying

Concdlusons

We have revealed that the magnetic Fe-TiO, nano-
composite powders may be produced by mechanica
aloying of a mixture of hematite and pure titanium
powders in an Ar atmosphere. The X-ray diffraction
and magnetic data have been discussed simultaneously
in order to achieve a better understanding of the solid
state reduction induced by mechanica aloying. Fe-
TiO, nano-composites where TiO, particles were dis-
persed in a ductile iron matrix with a grain size of 20
nm were obtained after 30 h of ball milling. The
saturation magnetization was increased with increasing
milling time and then gradually saturated to 20.3 emu/g
after 30 h MA. The magnetic hardening due to the
reduction of the iron gran sze by MA was dso
observed.
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