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X-ray diffractometer analysis (XRD)

2. Field Emission Scanning Electron Microscopy (FESEM)

3. Elemental analysis
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ABSTRACT
The aim of this study was optimization of the annealing process in melt spun Nd,Fe 4B intermetallic magnetic alloy. In
this regard, the melt spinning process was done at wheel speed of 40 m.s"'. In order to achieving the desired
microstructure, the as-spun ribbons were subsequently annealed at temperature range of 500 to 700 °C for different
periods of time. Structural and magnetic characterization of produced samples were performed by X-ray diffraction
(XRD), scanning electron microscopy (SEM) and vibrating sample magnetometer (VSM). The results showed that the
structure of as-spun ribbons at wheel speed of 40m.s™! was composed of Fe-o, Nd2Fe 4B and amorphous phases with the
coercivity and saturation of magnetization in the range of 0.14 kOe and 120 emu/g, respectively. By annealing the
produced ribbons and crystallization of the amorphous phase, the percentage of Fe-a and Nd,Fe 4B was decreased and
increased, respectively. The optimum annealing conditions for achieving the highest value of coercivity (about 9.2 kOe)

was 600°C for 6h.

Keywords: Nanomagnet; Melt spinning; Annealing; Intermetallic.

1. INTRODUCTION

Nd-Fe-B  hard  magnetic  alloys  were
commercialized due to their high coercivity and
low magnetic permeability [1-3]. These magnets
have become an integral part of many electrical
components since their development in 1984 [4-
7]. The microstructure of these alloys is a
combination of hard (such as Fe;sNd:B1) and soft
(such as Fe-a, Fe;B) magnetic phases. In fact, the
magnetic properties of Nd-Fe-B alloys directly
depend on the crystallite sizes, volume percentage
and distribution of hard and soft magnetic phases
in microstructure.

Although, there are many investigations about
the formation and magnetic characterization of
amorphous/nanocrystalline Fe4sNd,B; alloy [8, 9],
no optimum annealing condition is reported to
achieve the best magnetic properties. Therefore,
optimization of the melt spinning and annealing
processes of Fe;sNd;B; alloy to achieve the best
magnetic properties was the goal of this study.

2. MATERIALS AND METHODS
A master alloy with a nominal composition of

*: ma.tavoosi@gmail.com

FeisNd:B; was used as the raw material. The
melt-spun ribbons were produced by injecting the
melt into a rotating copper wheel with substrate
velocity of 40 m.s'. The pressure of spinner
chamber before melt injection was about 5x107*
Pa which increased to 10° Pa during melt spinning
process. Heat treatment procedure was done at
temperature range of 500 to 700°C at different
periods of time up to 8§ h.

XRD using a diffractometer with Cu K,
radiation was used to follow the structural
variation of the specimens. Structural and
morphological characterization of samples were
carried out by field emission scanning electron
microscopy (VEGA-TESCAN-XMU) at an
accelerating voltage of 20 kV. Magnetic
properties of produced samples were measured
using a vibrating scanning manometer under an
applied field up to 10 kOe.

3. RESULTS AND DISCUSSION

The XRD pattern of melt spun Fe;sNd;B; alloy
quenched at wheel speed of 40 m.s™! is presented
in Figure 1. As seen, fully amorphous phase could
not be achieved in this alloy during rapid
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Figure 1. The XRD pattern of melt spun Fe1sNd:B1
alloy quenched at wheel speed of 40 m.s™!

solidification. According to the hysteresis loop of
melt spun Fe;sNd;B; ribbon, the saturation of
magnetization and coercivity of melt spun ribbons
at wheel speed of 40 m.s! was estimated about
120 emu/g and 0.14 Oe, respectively. According
to Figure 1., the microstructure of melt spun
ribbon composes of amorphous, Fe-o and
Fe1sNd:B, intermetallic phases. It is well known
that amorphous alloys have no grains and grain
boundaries. In these alloys, most impurities tend
to remain in solution during rapid solidification
process. The size of local microstructure in
amorphous materials is much smaller than the
domain wall width and the defects have low
pinning effects on domain walls [10].
Consequently, amorphous alloys have high
saturation of magnetization and low coercivity.

In order to crystallize the produced amorphous
phase in melt spun ribbons and achieve the
optimum magnetic properties, annealing process
was done at 500, 600 and 700°C for different
periods of time. The XRD patterns of annealed
samples at 500, 600 and 700°C for 8 h are shown in
Figure 2. As seen, the XRD patterns of all annealed
samples consist of FesNd,B; and Fe-a peaks and
there is no significant difference between the
formed phases in different samples. By increasing
the annealing temperature, the percentage of Fe-a
and FeisNd;B; phases decreases and increases,
respectively. Moreover, narrow peaks of Fe1sNd»B:
and Fe-a phases accompanied with remarkable
increase in their intensities are other effects of
increasing the annealing time and temperature. In
fact, by increasing the annealing temperature, the
crystallite size of FeisNd:Bi; and Fe-o phases
increases and reaches 300 and 55 nm, respectively.
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Figure 2. The XRD patterns of annealed samples at
500, 600 and 700°C for 8 h

The hysteresis loops of annealed ribbons at
different temperatures and times are presented in
Figure 3. As seen, these hysteresis loops display
almost suitable squareness ratio. In fact, high
magneto-crystalline anisotropy of Fe1sNd,B; has a
significant impact on the magnetization reversal
mechanism named by Stoner-Wohlfarth or
domain wall movement and high square ratio in
hysteresis loops. However, the kink in the
hysteresis loops can be related to the formation of
soft phase of Fe-a in annealed samples. According
to this figure, the saturation of magnetization
value decreases with an increase in annealing time
and temperature. It is well known that the soft
phase of Fe-a has higher saturation of
magnetization than hard Fe;sNd,B; phase. On the
other hand, the saturation of magnetization
depends on the number of aligned spins per unite
value. Since, the volume percentage of Fe-a and
amorphous phases reduced with an increase in
annealing temperature and time, the saturation of
magnetization of annealed samples are lower than
that of as-spun ribbons. According to the results,
the optimum exchange coupling of FesNd,Bi/Fe-
o nanocomposite was appeared in annealed
samples at 600 °C for 6 h to achieve the coercivity
value of about 9.2 kOe.

4. CONCLUSION

The obtained results showed that the glass
forming ability of Fe;uNd,B, alloy was poor and
the final microstructure of melt spun ribbons in
this alloy was composed of nanocrystalline
Fe1sNd:B, phase distributed in amorphous matrix.
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Figure 3. The hysteresis loops of annealed ribbons
at different temperatures and times,
a) 500°C, b) 600 °C, and c) 700 °C

By annealing the melt spun ribbons, the coercivity
and saturation of magnetization increased and
decreased, respectively. The optimum annealing
condition to achieve the highest value of
coercivity (about 9.2 kOe) was 600 °C for 6 h.
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