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[ Abstract] The crystallization behavior of melt-spun Ndg sFessCosCuiNbiBg s ribbons was investigated using dynamic

differential scanning calorimetry ( DSC) and X-ray diffractometry (XRD). It was found that the as spun ribbons crystal-

lize in two steps: at first the Nd;Feg,B14+ o Fe phases are formed and subsequently Nd;Feg;Bi4 transformed to Nd,Fe 4B

and aFe upon heating above 680 C. The effective activation energy of two crystallization peaks are 332. 0 kJ/ mol and

470. 5 kJ/ mol, respectively. As the wheel speed increases, the magnetic properties of the magnet change obviously. When

the wheel speed is 18 m/s, the best magnetic properties of the magnet was obtained after the sample was annealed at 690

C for 8 min: B,= 0.74T, H .= 421.7kA/m, ( BH) n.= 64.5k]/ m?.
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1 INTRODUCTION

Since the discovery of remanence enhancement in
isotropic nanocrystalline Nds. sFe77Bjs 5 alloy in 1988
by Coehoorn et al'" ?', nanocomposite NdFeB mag-
net have received great attention in the past
years!>™ © Besides it possesses good hard magnetic
properties, the reduction in the rare earth amount al-
so reduces its costs, thereby causing increased interest
for practical applications.

Magnetic characteristics of the nanocomposite
magnets are influenced sensitively by their mr
crostructures such as the volume ratio of hard to soft
magnetic phases, the grain sizes and their uniform
distribution'” ® . Since the order of formation and
growth rate of each phase, Nd2Fe4B, Fe3B and aFe
are different, it is the key technology to get the optr
mum microstructure in the nanocomposite materials.
Therefore, in this study, the thermal behavior and
magnetic properties of Nds sFezsCosCu;Nb;Bg s alloy
are studied.

2 EXPERIMENTAL

The alloy composition in this investigation was
Ndg. 5 Fesgs CosCuiNbBe. 5 ( mole fraction, %) . The
alloy was initially melted in vacuum induction furnace
and subsequently casted into bar, which was subse
quently annealed at 1 000 C for 8 h. For melt-spin-
ning, the alloy bar was crushed into pieces less than 8
mm in height.

The pieces were melt-spun in ZK-10T CIII vacu-
um flash hardening furnace with wheel speeds (vs)
ranging from 9. 8 to 36. 7 m/s. The phase identifica-
tion was carried out by X-ray diffractometry and the

mean grain size was determined by using the Scherrer
formula. The crystallization behaviors of as-quenched
ribbon were detected by PerkinrElemer DSC7. The
melt spun ribbons were annealed at 570~ 810 C for 8
min. The ribbons were grind and the powder of
which was bonded with 4% ( mass fraction) epoxy
resin and compressed to shape of d10 mm x 10 mm.
The density of bonded compact magnet was about 6. 1
g/cm’. The magnetic properties of bonded magnets
were measured in a DGY-2C magnetometer at room
temperature.

3 RESULTS AND DISCUSSION

X-ray diffraction spectra for the Ndg sFess
CosCuiNbBg 5 alloy as a function of wheel speeds
(vs) are shown in Fig. 1. It shows that when the
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Fig. 1 X-ray diffraction spectra for
Nds. sFersCosCuiNbiBg. s alloy

melt-spun at different wheel speeds
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Nds;Feg:Bia phases and some amorphous phase are ob-
tained. With increasing wheel speed v, the intensi-
ties of diffraction peaks from crystalline phases de
crease and the content of the amorphous phase in-
creases. When the wheel speed is 36.7 m/s, the
diffraction lines of crystalline phases disappear, and
only a wide diffuse amorphous peak is observed.

Fig. 2 shows the DSC curves of the amorphous
Nds. sFers CosCuiNbiBg. s alloy with wheel speed of
36. 7m/s. Two gentle exothermic peaks are observed
in the curves, indicating that the crystallization of the
Nds. sFe73CosCuiNbiBg. s amorphous alloys took place
through two stages. Op; and Op; of Fig. 2 indicate the
exothermic peak temperatures of the two exothermic
reactions, respectively.

To identify the first and the second transforma-
tions, the Ndg sFessCosCuiNb;Bg s amorphous sam-
ples are annealed for 8 min at 580 C and 680 C, re-
spectively, and then the phase is examined by XRD
(as shown in Fig. 3). The samples annealed at
580 C showed the presence of aFe and Nd;FegsBi4
phases, and some amorphous phase still remain in the
sample. However. when the samples is annealed at
680 C, the sample is completely crystallized, aFe
and NdyFe 4B phases were observed. The diffraction
peaks of NdsFegBi4 phase disappear, and the intensi
ty of diffraction peaks for aFe phase increases.
Therefore, the first exothermal peak in Fig. 2 is the
transformation from amorphous materials to &cFe and
Nds;Fes:Bi4 phase, and the second exothermal peak in
Fig. 2 is the Nd3Feg:Bi4 phase transformation to aFe
and Nd2F614B.

According to the DSC data, the effective activa-
tion energy of two crystallization peaks in Fig. 2 are
calculated to be 332. 0 kJ/ mol and 470. 5 kJ/ mol, re
spectively.

Fig. 4 shows the relationship between magnetic
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Fig.2 DSC curves of amorphous
ng,5F67gCO5CU1Nb1Bﬁ,5 alloy with wheel

speed of 36.7 m/s
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Fig.3 X-ray diffraction spectra of
Nds. sFe73CosCuiNbiBe. s amorphous alloy

annealed at different temperatures for 8 min
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Fig. 4 Magnetic properties of
Nds. sFersCosCuiNb Bg. 5 alloy annealed
at different temperatures for 8 min with

different wheel speeds

properties of Ndg sFe73CosCuiNbiBg s bonded magnet
and the annealing temperatures for different wheel
speeds (14.7~ 22.9m/s).

It is obvious that magnetic properties of bonded
magnet were affected by changing the wheel speed
and heat treated temperature. The magnetic proper
ties of bonded magnet increase with increasing anneal
ing temperature from 570 C at the beginning then
decrease gradually at 730 ‘C. Excellent magnetic
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properties of bonded magnet were obtained with
wheel speed of 18 m/s annealed at 690 C for 8 min,
B.= 0. 74T, H.= 421.7kA/m, (BH)nx= 64.5
kJ/m’. At that time, the mean grain size of the two
phase was about 50 nm.

4 CONCLUSIONS

1) The crystallization process of melt-spun Nds s
Fezs CosCuiNbiBs s alloy takes place through two
steps, at first the NdsFes2Bistype+ o Fe phases are
formed and subsequently Nds;Feg Bisa phase trans
formed to Nd,Fe 4B and aFe upon heating above 680
‘C. The effective activation energy of two crystalliza-
tion peaks are 332. 0 kJ/ mol and 470. 5 kJ/ mol, re
spectively.

2) When the wheel speed is 18m/s, the excel-
lent magnetic properties of the magnet was obtained
after the sample was annealed at 690 C for 8 min. B,

= 0.74T, iH .= 421.7kA/m, ( BH)nx= 64.5Kk]J/

3
m .
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