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Nanocrystalline of FegCo,, powders are prepared by mechanical alloying
using ball milling technique (BMT) under several milling times (of 0, 1, 3,
5 hrs). Structural diffractometry (XRD), scanning electron microscopy
(SEM), element dispersive spectroscopy (EDS), and the vibrating sample
magnetometry (VSM) are used for investigation of the structural changes,
magnetic and morphological properties during the milling times. XRD
analysis suggests the face-centred cubic (f.c.c.) phase formed successfully
after initial milling time. The particle sizes are decreased significantly
with the milling time. The SEM results show that particles of all practical
sizes are approximately of spherical shapes with uniform sizes. The EDS
results show no strange elements in the milling media. The magnetic
properties appear to be sensitive to milling times. The saturation magnet-
ization (M,) is found to increase with increasing milling time, but the co-
ercivity (H,) is found to decrease, so that the Fe4Co,-nanoalloy powder
exhibits a soft ferromagnetic character.

Hamoxkpucraniuai mopomku FegCo,, Oy10 omep:kaHo HIITAXOM MEXaHiYHOTO
CTOIJIEHHS 3a JOIOMOIOI0 TEeXHIKM KYJbOBOTO MJIMHY 3a KiJbKa daciB pos-
memoBanua (0, 1, 3, 5 rogun). BUKopHUCTaHO PEHTI'eHIBChbKY AUPPAKTOMET-
pito (XRD), ckanyBaJbHY €JeKTPOHHY MiKpockomio (SEM), emreMeHTHY qu-
cuepciiiny cunekrpockomiio (EDS) Ta BiOparifiny maraeromerpito (VSM) ansa
PeTeJIbHOTO IOCJIiI:KEeHHA CTPYKTYPHUX 3MiH, MOP(}OJIOridyHMX i MarHeTHUX
BJIACTUBOCTe# mijg uac poamesioBanuAa. XRD-aHamiza mokasajia, o0 rpaHe-
nenTrpoBana Kyb6iuna (I'IIK) ¢dasa ycminrao yTBOpmJacs IicjaA IIOYATKOBOTO
Yacy po3MeJIoBaHHSA. Po3Mip YacTMHOK 3HAYHO 3MEHIITYBABCS 3 YacOM DPO3-
MmestoBaHHsA. Pesynpratru SEM mokasasy, HI0 YaCTUHKU YCiX IPAKTUUHUX
poaMmipiB € mpubiams3HO chepuuHoi (GopMH 3 OLHAKOBUMH posMipamu. Pe-
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gyabratu EDS He mokasajm AWBHUX €JE€MEHTIB Y PO3MeII0BAJILHOMY cepe-
moBuilli. MarHeTHi BJIACTMBOCTI BUSBUJINCA YYTJIUBUMH 0 Yacy PO3MeJio-
BaHHA. BDyso BuABJIEHO, 10 HaMarHeToBaHicTb Hacuty (M,) 30inbIIyeThHCA
31 30iJBIIEHHAM Yacy DPO3MeJIOBaHH:A, ajie KoepnuTuBHicTs (H,.) 3MeHIIy-
€ThCA, TaK IO HMOpouIoK HaHoctony Fey Co,, meMoHCcTpye M’ AKUH depomar-
HETHUUN XapakTep.

Key words: Fey,Co,, nanoalloy, nanostructures, saturation magnetization,
coercivity.

Karouori caosa: manocron FeyCo,y, HAHOCTPYKTYpH, HaMarHeToBaHiCTh Ha-
CUTY, KOEPIUTUBHICTD.
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1. INTRODUCTION

Nanoalloys present an intriguing theoretical problem, in fact, the
presence of two distinct atom types increases the complexity of bi-
metallic nanoalloys, opening the door to the possibility of isomers
based on the permutation of unlike atoms as well as regular geo-
metrical isomers (with different skeletal structures), (4,B,) alloy
cluster structures with a fixed number of atoms (N=m+n) and
composition (m/n ratio) are referred to as ‘homotopic’ because they
have the same geometrical arrangement of atoms but differ in the
arrangement of A- and B-type atoms [1].

Because of their many uses in magnetic separation, microwave
absorbers, magnetic fluids, magnetic sensors, and magnetic record-
ing systems, magnetic nanomaterial are a subject of growing re-
search [2, 3].

There is a wide range of literature studies of magnetic transition
elements and alloys such as nickel (Ni), cobalt (Co), iron (Fe), or
composites [4, 5]. These nanomaterials have become the subject of
large-scale research due to their high saturation magnetization
(M,), relatively low coercive field (H,), and fairly large Curie tem-
perature (T,) [6].

Several specific techniques and development approaches have
been adopted to synthesize nanostructured Fe—Ni, Ni—Co, and Fe—
Ni—Cr alloys [7].

One of the most widely used methods for preparation is mechani-
cal alloying (MA), as well as the powder technique (PT) method [8].
During the MA process, the powder particles are subjected to severe
mechanical deformation, leading to their gradual refinement at the
nanoscale [9]. Therefore, we investigate the structural, magnetic,
and morphological powder properties of the Fey,Co, nanoalloy pre-
pared by the mechanical alloying process after 0, 1, 3, and 5 hrs
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milling times.

2. EXPERIMENTAL PROCEDURES

Commercial Fe and Co powders with particle sizes of 40 pm were
milled using a planetary ball miller. Pluck initial elemental iron and
nickel of highly 99.93% purity have been used as starting materials
with particle sizes around 40 um for both elements, and they were
mixed at the desired composition of the Fez,Co,, alloy.

The milling practical was conducted using 40 hardened balls with
a diameter of 10 mm at room temperature. The weight ratio of the
ball to powder was set at 40:1 grams. We employed the variable
milling times of 0, 1, 3, and 5 hours. 135 rpm was the rotation
speed. Energy dispersive spectrometry (EDS) equipped scanning
electron microscopy (SEM) with Model Philips (XL30) was used to
assess morphology and conduct elemental analysis. The powdered
powders’ precisely defined structure and phase changes were ob-
served. The magnetization properties are derived from the hystere-
sis loops by using a vibrating sample magnetometry (VSM) device.
Finally, the structure was characterized by x-ray diffraction (XRD)
using a Philips (PW 1820) diffractometer equipped with a Cuk, ra-
diation source (wave length = 1542 A).

3. RESULTS AND DISCUSSION

Figure 1 shows the XRD patterns of the Fe4Co, nanoalloy with
varying milling times (0, 3, and 5 hrs). As revealed from XRD pat-
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Fig. 1. XRD patterns of the Feq,Co,, alloy with various milling times (0, 3,
5 hours).
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terns, the peaks at 44.32°, 51.80°, and 76.20° correspond to the
crystal planes of (111), (200), and (220), respectively, of face-
centred cubic (f.c.c.) lattice, which are in closer agreement with the
reported articles [10, 11]. In addition, the diffraction peaks of 41.5°
and 47.5° may represent FeO and Fe;0,, respectively [12]. This may
be due to the exposure of heat through the mechanical alloying that
generated the oxide layers [11]. No diffraction peaks related to the
h.c.p. phase are detected for cobalt (Co) at milling times. The other
result shows that, by using the Scherrer equation for the calcula-
tion of particle size, we found all values to be close to 19.30 nm for
all samples at various milling times [12].

These results mean that the size of the nanocrystalline Feg,Co,, is
nondependent on the FeqzCoy-nanoalloy composition through the
milling time [13].

The magnetic properties results of the Fez,Co,, nanoalloy were
measured using VSM at room temperature (RT) to determine the
values of saturation magnetization (M,) and coercivity (H.), as
shown in Fig. 2. It shows the M—H curves at various milling times
of 1, 3, and 5 hrs measured in an external magnetic field, ranging
from —10 to 10 kOe. The results show that the saturation magneti-
zation (M,) increases with the increase in milling time, but the co-
ercivity (H,) decreases with the increase in milling time. Their max-
imum (M,) and minimum (H, were found to be close to 104.88
emu/gm and 56.95 Oe for the FeyCo, nanoalloy, respectively (Fig.
3). The present results show a clearer agreement than those report-
ed in the literature [13, 14].

Finally, the results obtained from the magnetic properties of the
Feg,Co, nanoalloy can indicate that the sample has soft magnetic
behaviour and can be used for various practical applications [15].

The SEM-images’ results for the Fey;,Co,, nanoalloy are presented
in Fig. 4, a—d for 1, 3, and 5 hours milling times. It shows clearly
in Fig. 4, a, after 1 hour of milling, the particles were no longer
uniform and began to combine. After 3 hours of milling, a changea-
ble structure was observed, indicating that the two elements are
probably alloyed completely and formed [16]. All particle sizes in
Fig. 4, b, ¢ are approximately spherical in shape and uniform in
size. The composite (FeyCo,,) particles are formed completely (Fig.
4, b, ¢) with a spherical shape morphology and aggregated them-
selves into a cluster of particles. The agglomeration is probably due
to the high cold-welding rate that occurs during the milling process
[17].

Latterly, as seen in Fig. 5, elemental mapping by (EDS) coupled
to the (SEM) displays the spectroscopy of Fe and Co distribution for
the sample areas, which were chosen at the 5-h milling period. It is
made abundantly evident that iron and cobalt are still easily distin-
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Fig. 2. The magnetic properties at various milling times (1, 2, 3 hours).
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Fig. 3. The magnetic properties of Feyz,Co, nanoalloy at various milling

times.

guished from one another. This means that Fe and Co are a com-
pletely alloying processed. These EDS results actually match and are
consistent with the XRD study. They both observed that there was
no elemental contamination.

4. CONCLUSION

XRD, SEM, EDS, and VSM experiments were used to examine the
impact of mechanical alloying on the structural, morphological, and
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Fig. 4. SEM images for FesCo, nanoalloy at various milling times: a—1
hr, b—3 hr, ¢c—5 hr; d—particle size distribution.
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Fig. 5. EDS spectra for Feyz,Co,, nanoalloy at 5-hours milling time.

magnetic properties of the Fez,Co, nanoalloy, which was created
from pure elemental Co and Fe powders.
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XRD analysis indicates the formation of a main face-centred cu-
bic (f.c.c.) structure of Fe—Co solid phase.

SEM micrographs reveal spherical-shaped particles and a homo-
geneous size distribution.

EDS results show no strange element during milling times.

The magnetic properties of the Fez,Co, nanoalloy powder show
that they are sensitive to milling times and exhibit soft ferromag-
netic behaviour.
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