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Abstract: The structural and the magnetic properties of nanocrystalline Fey; sMny; 5Cs alloys
were prepared by using a mechanical alloying technique, used the commercial Fe, Mn, and C
powders as precursors, It was slm:d in detail as function of the milling times of /- to 48 hrs.
The structural analysis based on X-ray diffraction and extended X-ray absorption fine structure
spectroscopy revealed that the alloving process took place after 36 hrs milling. Concerning the
magnetic behavior, the data obtained from a vibrating sample magnetometer showed that both
the magnetic saturation and the coercivity depended strongly on the milling time and the
crystallite size. With these results, by adjusting the milling time shows that an appropnate
structural transformation and appropriate magnetization value.

1. Introduction

In recent years. nanocrystalline and amorphous magnetic materials have been studied for many
applications in industrial products. The wide range of applications arises from the versatile nature of
these materials which can provide fast magnetization reversal with minimal magnetic losses.
Mechanical alloying (MA) is able to produce nanostructure materials with unique chemical, structural,
electrical and magnetic properties. due to type of disorder created by the high density of defects and
theflnall crystal size [1-3].

MA has been shown to be capable of synthesizing a variety of equilibrium and non-equilibrium
alloy phases startin&rom blended elemental or pre-alloyed powders. The non-equilibrium phases
synthesized include supersaturated solid solutioffffj meta-stable crystalline and quasi-crystalline phases,
nanostructures, and amorphous alloys. MA produces nanostructured materials by the structural
disintegration of coarser-grained structure as a result of severe plastic deformation. MA is able to
produce nanostructure materials with unique chemical, structural, electrical and magnetic properties,
due to type of disorder created by the high density of defects and the small supers@@Bated solid
solution, amorphous phases and nano powders, starting from a crystal size. Nowadays, MA has been
used to prepare metastable phases such as mixture of elemental components or inter-metallic
compounds [4-5].

In fact, MA process is an effective way to fabricate nanocrystalline alloys, and their physical
properties are rela@@hto structural variations. Some regularity in atomic arrangement in solids can be
classified by the short-range order (SRO) and long-range order (LRO). Among these. LRO i1s
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{frequently examined gx-ray diffraction studies while SRO could be examined by gended X-ray
absorption fine structure (EXAFS). EXAFS give useful information related to the local structure
around specific atoms [6-8]. In recent years, nanocrystalline and amorphous magnetic materials have
been studied for many applications flflindustrial products, including transformers, motors, and a wide
variety of magnetic components in sensors, power electronics, electrical energy control/management
systems, telecommunication equipment and pulse power devices. The wide range of applications
arises from the versatile nature of these materials which can provide fast magnetization reversal with
minimal magnetic losses [9-10].

Recently, research shows that additional of C to FeCo lead to decrease in both the magnetic
anisotropy and coercivity by reducing the crystallite size [11]. Xing Lu, et al. [12] reported that the C
is the most effective element among Mn, Al, Cr and C to reduce magnetic saturation. So, effects of C
in Fe-Mn alloys, especially very important to analysis.

2. Experimental Method

Fey7.sMny7sCs metastable alloys were prepared by mechanical alloying using SPEX 8000 mixer with
stainless steel balls and vial. The starting material was a mixture of pure Fe(53 um. 99 %). Mn(75 um,
99 %) and C(105 um, 99 %) powders which were used commercial powders as the precursors. The
weight ratio of balls-to-powder mixture was 5:1. Feyr sMny;sCs alloys were mixed and ground for
different times 1-, 6-, 12-, 24-, 36- and 48 hrs. The process was performed in Ar ambient to prevent
oxidation during the alloying process. Magnetic measurements W@ carried out on VSM in magnetic
field of 10 kQOe. Structure data were obtained by using the X-ray diffractometer (XRD) Cu-K,
radiation. The data werfinalyzed using Material Data Inc. (MDI) software. EXAFS data were
collected with energy of 2.5 GeV, and a maximum current of 200 mA. EXAFS spectra were obtained
at Fe K-edge (7112 eV) in the transmission mode at room temperature. The sample chamber was filled
with pure nitrogen gas. Then the EXAFS data were analyzed using IFEFFIT software, an interactive
program for XAFS analysis.

3. Results and Discussion

Fig. 1 shows XRD patterns of mechanically alloyed Fea7sMnarsCs powders. In the beginning of
process, its shows the presence of Fe (Im-3m). Mn (I-43m) and C (P63mc) phases. Their diffraction
peaks become weaker and broader when the milling time is increased. This is due to the structure
deformed. Carbon peaks disappear from beginning of milling, it diffused as interstitial to Fe and Mn
structures as host structure, also of variation in crystallite size. Started from 36 hrs milling where the
main peak is shifted to smaller angle and some peaks disappeared. The single phase occurred after 36-
and 48 hrs milling. It looks like the structures of 36- and 48 hrs milling are fixed: the peaks are tended
to form a space group of fm3m. The structure is changed to manganese structure after 36 hrs and more
completed after 48 hrs milling.

The EXAFS give direct information about the variation of local structure. Its use to examine the
local structure around the Fe ions in the Feys sMny7 sCs alloys. Fig. 2 shows the normalized near edge
spectra for the processed samples were similar to each other but above the edge the spectra gradually
changed. This suggests that the electronic configuration for the Fe central atoms was unchanged but
the surrounding around the Fe atoms was changed during the MA processing.

Fig. 3 shows the EXAFS spectra of FearsMnuzsCs alloys for 1- to 48 hrs. The reduction of
amplitude is related to the disorder of local structure, and the variation of the phase is related to the
change of chemical order [13]. In Figure shows the significant change in the amplitude and the phase
took place after 36 hrs milling. Its mean there is a huge changed in local structure. The systematic
variations of the amplitude and the phase in the EXAFS spectra confirmed that alloying at atomic
scale occurred during the MA process. The EXAFS spectra were obtained from the absorption spectra
by removing the background with AUTOBK.
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Fig.1: XRD profiles of Fes; sMns7sCs mechanically alloved as a function of milling times.
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Fig.2: The EXAFS spectra of Feys sMny; sCs, each line represents the processing time.
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Fig. 3: The k-weighed EXAFS spectra of 1-hr to 48 hrs milling.
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Fig. 4: Fourier transform of EXAFS spectra for Feyr sMnys sCs alloys measured at Fe K edge as a
function of milling times.

The decrease of the amplitude before 36 hours indicates that the fracture was dominant. After 36
hours milling, the phase was shifted significantly. This indicates that the Mn and C atoms were
diffused into the Fe structure and new materials were produced during this process. The amount of the
new alloy increased as the processing time 36 hrs and afterword, but for 36- and 48 hrs milling the
alloys were look like stabled.

Fig. 4 shows that the Fourier (FT) of EXAFS spectra measured at Fe K-edge. The radial atomic
density has been seen in spectrum FT. In the Figure, the magnitude of the first peak in the
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Fig. 5: Vanation of magnetization and coercivity for Feq7 sMny75Cs alloys as a function of milling
times.

Fourier transformed spectrum decreased gradually as the processing time increased. This suggests
that the number of Fe-Fe direct bond decreased due to both the fracture of crystalline and the alloying
with other kind atoms. The short and long range orders were reduced gradually. The spectrum around
of 2.2 A have changed for 36- and 48 hrs, it mean for the milling time have occurred the new phase.
At 4.5 A, the spectrum have changed for 36-, and 48 hrs, the new phase have occurred. 36 hrs
milling and after, both short and long range order are changed in amplitudes and phases. It means
there is a huge change in local structure.

The magnetic saturation (Ms). and the Coercivity (He) are found from the hysteresis loop depend
strongly on milling times and the C content. Fig. 5 shows that Ms is decreased continuously as the
milling times increased. Magnetization rapidly decreased until 24 hrs, but after 36 hrs milling the
graph is flat to 48 hrs with Ms is 1 emu/g, it means there is transition from Fe grains to the
Fear sMna7 sCs grain. This variation could come from the dilution of magnetic lattice of Fe by Mn and
C with increasing milling time. On the other hand, the coercivity (fc) i1s increased until 36 hrs. then at
48 hrs the coercivity (He) is decreased because the sample tend go to single domain, so the coercivity
drop to smaller. The increase of H. could be aftributed to crystallite size reduction for Fe. The
coercivity (H,) is reaching a maximum value of approximately 550 Oe after 36 hrs, then it reduce to
400 Oe after 48 hrs milling.

4. Conclusions

The relatively new phase of Fe-Mn-C alloy is explicitly shown in the EXAFS spectra by the variation
of amplitude and phase between 36- and 48 hrs milling times. The significant change of the structural
phase revealed that new atom neighbors, the atom central Fe substituted by Mn and C atoms were
increased during the MA process. The magnetic saturation (Ms) is decreased in long milling times as
effect of crystallite size decreased. The coercivity (f7c) is increased until 36 hrs milling as effect of
decreased of grain then it is decreased to 48 hrs milling because of single domain is growth as an
effect of the carbons.
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