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Abstract: The microstructure of an explosively compacted NdFe B permanent magnet( Nd-Fe-B) was investigated

by means of TEM and XRD. It is shown that there are three kinds of phases: Nd>FeiuB matrix phase, O-rich phases

and Nd-rich phase with different structures and compositions in the magnet. The hard magnetic phase Nd2Feu B is

tetragonal, which lattice parameters are determined to be a= 0. 88 nm and ¢= 1.22 nm. The O-rich phase locates at

the grain boundaries and the triple junctions has fce structure whose lattice parameter is a= 0.559 nm. A dislocation

is observed in this phase. It is also found that a large number of the block-shaped Nd-rich phases with hep structure

are embedded in the Nd2Feis B matrix or at grain boundary. Their lattice parameters are determined to be a= 0. 395

nm and c¢= 0. 628 nm.
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1 INTRODUCTION

Permanent magnets based on the Nd-Fe B sys-
tem are typically prepared by melt spinning of a

3]

molten alloy'"™, subsequent hot pressing'* and

powder metallurgy techniques followed by thermal

(o, explosive

treatments Besides, compacting
process is one of the effective methods of the pro-
duce magnets for special applications'” . Explosive-
ly compacted magnet has excellent properties such
as rapid consolidation, simple technics, isotopic

. Tt is well known that the hard mag-

magnetic "
netic properties of the magnets depend strongly on
their microstructures, including the distribution,
the composition, and the magnetic properties of
the minority phases presented within the mag-

176, 9715 . .
! . There have been several investiga-

nets
tions aimed at explaining the structures features
and magnetic properties observed in explosively

751 " However, further clarifi-

compacted magnets
cation of the microstructures and compositions of
the phases present is needed. Thus, the aim of this
paper is to investigate some of the aspects by X-ray
diffractometry and the transmission electron mi-

croscopy(TEM).

2 EXPERIMENTAL

The explosively compacted magnets were pre-

pared by standard processing techniques, as de
scribed in Ref.[15]. The Nd-Fe B magnet studied
in this investigation has a nominal composition of
Nd15%, Fe73% and B-1. 1% ( mass fraction).
TEM thin film samples were prepared mechanically
as thin as 50 Hm, followed by argon ion milling to
electron transparency. The samples were examined
using HITACH H —800 transmission electron mi-
croscope(TEM) at 200 kV. The crystalline struc
ture analysis was carried out using the X-ray dif-
fraction system.

3 RESULTS AND DISCUSSION

Fig. 1 shows the X-ray diffraction pattern ob-
tained from explosively compacted Nd-Fe-B. The
peaks observed correspond to Nd:2Fews B phase.
This confirms that the material is crystalline and
contains predominantly the hard Nd2Feis B phase.
The amount of other possible phases is too little to
be identified from the pattern.

In the compacted NdFeB
permanent magnets, there co-exists three kinds of
phases. Figs.275 show the microstructures and
the selected area diffraction( SAD) patterns of the
compacted NdFeB
magnet. The composition analysis corresponding
to the large-grains A and B in Fig. 2(a) is listed in
Table 1. Referring to the X-ray diffraction and

explosively

explosively permanent
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Table 1 Composition of explosively compacted

8 Nd-Fe-B magnet
&
Reci Element and M ass Mole
cstont line fraction/ % fraction/ %
&
e Cu, L 3.89 3.86
g
Ao Tetragonal 64.19 82. 09
i phase
i . Nd, L 31.92 14.03
3
0, K 17.12 56.74
fce phase
22.7 21.2
( O-rich) Fes 1. S g
= Nd, L 60. 14 22.10
40
20/(°) 0, K 1.62 12.19
hep phase
1.1 2.
(Nd rich) ke L L 36
Fig. 1 XRD pattern of explosively compacted Nd, L 97.28 85. 45

Nb-Fe B magnet
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Fig.2 Matrix phase of explosively compacted Nd-Fe B magnet
(a) —Morphology( A, B); (b) —SAD pattern

Fig.3 O-rich phase at three-grain junction of explosively compacted Nd-Fe B
(a) —Morphology(A); (b) —SAD pattern
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Fig.4 O-rich phase at two-grain boundary of explosively compacted Nd-Fe-B magnet
(a) —Morphology(A); (b) —SAD pattern
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Fig.5 Block-shaped Ndrich phases of explosively compacted Nd-Fe- B magnet
(a), (¢), (e) =Morphology(A); (b), (d), (f) —SAD patterns
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the compositions analysis, the large-grains A and B
are the matrix phases, the contents of Fe and Nd
are about 70% and 25% (mole fraction),
respectively. According to the SAD patterns,
Nd2FeuB phase is identified with tetragonal ( Tet-
ra.) structure, which can be indexed as [ 001] retra,
with a lattice parameter of a= 0.88 nm and c¢=
1.22 nm.

Table 1 shows the result of the composition
analysis of the threegrain junction (A) and two-
grain boundary (B) in Figs. 3 and 4. Based on the
composition analysis, the three-grain junction and
two-grain boundary belong to the compound
Nd-FeO, and contents of O, Nd and Fe are 56%,
22% and 21% ( mole fraction), respectively. Since
content of O is higher than that of Nd in the three
grain junction and two-grain boundary, it can be
called as O-rich phase. Figs. 3(b) and 4(b) show
the microdiffraction patterns at the three grain
junctions and two-grain boundaries.

Based on the SAD patterns, the O-rich phase
was identified to be face-centered cubic (fce) struc
ture that is indexed as [ 011] e, which is similar to
the results of sintered magnet. However, the
phase at two-grain boundary of explosively com-
pacted sample is about 30 7300 nm in width about
10 times larger than the boundary width of sintered
sample. The content of O also increases about 10
times higher than that of sintered sample'”. It is
one of the reasons why the coercivity and energy
product of explosively compacted magnets are low-
er than that of sintered magnets.

Fig.5 shows the cases in which different
shaped Nd-rich phases exist as an independent
grain at the grain boundary or in the matrix grain.
According to the analysis, the
different
compound NdO, and contents of Nd and Fe are

composition
block-shaped phases belong to the
about 85% and 12% ( mole fraction), respectively.
Based on the SAD patterns (see Figs. 5 (b), (d)
and (f)), the Ndrich phase is identified as a hexa-
gonal close packed (hep) structure. It is deter-
mined that the lattice parameters of this phase are
a= 0.395 nm and ¢= 0.628 nm. Fig. 6 shows a few
dislocations formed in the Nd-rich phase. The rea-
son is conjectured as that the high pressure resul-
ted from powders collisions at the crashed point on
the surface of powder transmits into the inner as
the shock wave which causes the mass disloca
tions.

Analytical TEM
Nd-rich phase with different shapes and composi-

observation shows the

tions. It can be easily seen that the fourth element
is oxygen which enters the alloy in the process of
the explosive compacting. At the beginning of the
explosive compaction, the temperature of the

: . .
powders surface increases sharply, which acceler-

Fig. 6 Dislocation of boundary phase in

explosively compacted Nd-Fe-B magnet

ates the oxidation reaction at the surface of the
powders. So the oxide is formed as the block-
shaped phase during the subsequent consolidating
process between the matrix phases in the explo-
sively compacted Nd-Fe B alloy.

4 CONCLUSIONS

Matrix of the explosively compacted Nd-Fe B
magnets is predominantly the hard Nd2FeuB phase
with lattice parameters of a= 0. 88 nm and ¢= 1. 22
nm. The O-rich phase presents at the two-grain
with fee
structures, and lattice parameter is a= 0. 559 nm.
A large number of the different block-shaped Nd-
rich phases are considered to be Nd-O compounds
and distributed in the Nd2Feis B phases, with hep
structure and lattice parameters of a= 0. 395 nm

boundaries and threegrain junctions,

and ¢= 0. 628 nm. In the O-rich phase, contents of
0, Nd and Fe are 56%, 22% and 21%, respec
tively. The rich-Nd phase is considered to be Nd-O
compound with the contents of 85% Nd and
12% 0.
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